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FPOREWORD

The G-189A analytical simulation of the Integrated Waste Management-Water
System Using Radioisotopes for Thermal Energy (RITE) was developed by the
Blotechnology and Bpace Sciences Department, Engineering Division, of
McDonnell Douglas Astronsutics Company (MDAC), Huntington Beach, California,
under Contract NAS8-28982. The simulation was prepared for the NASA
Marshall Space Flight Center (MSFC) under the technical direction of

Mr. S. E. Clonts of the Propulsion and Thermcdynsmicg Division, Scilence and
Englineering Directorate.
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Section 1.0

INTRODUCTION AND SUMMARY

An analyticel simulation of the RITE-Integrated Waste Management and Water
Recovery System using Radiocisotopes for Thermal Energy has been prepared

for the NASA-Manned Space Flight Center (MSFC). The RITE system (Reference

1 and 2) is the most advanced concept water-waste management system currently
under development and has undergone extended duration testing in 1973. It
has the capability of disposing of nearly all spacecraft wastes including
feces and trash and of recovering water from usual waste water sources:
urine, condensate, wash water, ete. All of the process heat normally used

in the system is produced from low penalty radioisotope heat sources.

The analytical simulation has been developed with the G189A computer program
(References 3 and 4). The objective of the simulation was to obtain an
analytical simulation which can be used to a.) evaluate the current RITE
gystem steady state and transient performance during normsal 6perating
conditions and also during off normal operating conditions including failure
modes and b.) evaluate the effects of variations in component design para-

meters and vehicle interface parameters on system performance.

The programmed simulation was implemented so that data for the following
general categories of system steady state and transient operating conditions

were obtained:

A, Steady state performance for design point and off design operating
conditions. The simulation includes steady state mass and energy
balances which enabled the following quantities to be determined:

1. Water recovery efficiency; water output and loss rates
2. Requlred gaseous expendables: 02 and N2

3. Heating and cooling requirements
i

. Power requirements



Transient performance for design point and off design operating
conditions. Time line dats for nominal and some off nominal
events for the following activities were imposed on the simulation:
micturation events, trash processing, defecations, and wash water
processing. Some of the more significant transient ocutput data

obtained for these cases Iineluded:

1. Heat block cyeclic temperature variations.

2. Evaporator controller performance

3. Incinerator cyclic temperature excursions

L, Condenser and evapcrator flow, pressure and temperature

cyclie variations.

Transient performance for failure mode conditions. Failﬁre of
the low temperature hesting loop, the cooling loop, and the
incinerator vent valving in different modes were investigated.
Fmergency equipment heat transfer capabilities were evaluated.
The significant transient data obtained here were the transient

fluid and radicisotope cepsule temperatures.

S8teady state performance with variations in component design
parameters and vehicle interface parameters. Key parameters
which affect RITE performance are condenser vapor pressure and
evaporator temperature level. These have been investigated by
varying the evaporator heating fluid supply temperature and the
flow ares of the orifice in the steam outlet circuit for the

condenser. Other parameters which were wsried in this investi-

gation include the condenser cooling fluid supply temperature
level and the overall conductances (UA) of the evaporator

&nd condenser.,



This report describes the subject analytical simulation éffort in the
following sections. Section 2, Technical Discussion, contains deseri-
ptions of the RITE system and its operation, the G189A computer program
emphasizing features required in the simulation of the RITE system, the
study approach, summarized simulation results, and applications for the
prepared RITE simulation. Section 3, the Computer Model Description,
discusses the organization of the andlytical simulation model of the

RITE system and describes the modeling logic for the subsystems and indi-
vidual components in the subsystems. Section 4, the Computer Model
Correlation section describes the correlation of G.E. component test data
and Gl89A program modeling &ata for the pyrolysis units, the air sterilizer,
the heat pipe, the heat block, the low temperature isctope heater, the
evaporator, and the condenser. Section 5, the Characteristics of the RITE
System, describes the steady state or 2h-hour aversge performance data for
the various subsystems, some nominal transient conditions, and the
operational envelope for the system, RITE Simulation Design Applications,
Section 6, discﬁsses the effects on system performance due to variations in
component data from the design point values for the following: low temp-
erature heating loop inlet tempereture to evaporator, condenser vapor
pressure, coolant inlet temperature to the condenser, and overall conductances,
UA, from the heat transport fluid to the process liquid for the condenser

. and the evaporator. Section T, Failure Mode Analygis, describes system
transient performance subsequent to various failures in the low temperature

heating loop, the cooling loop, and the incinerator vent velving.

1.3



Section 2

TECHNICAL DISCUSSION

2.1 RITE System Descritions and Operations

The RITE system is the most advanced concept water-waste management system under
development by NASA and the AEC. It has the capability of recovering water from
all s?acecraft waste materials inecluding feces and can mlsc shred and process
trash. It goes one step further than other systems by automatically

pumping the brine-sludge residue from the water recovery unit to an

incinerator that reduces the solid waste to an innocuous ash. All of the
process heat used in the system is produced from radioisotpe thermal

energy (RITE) sources. A schematic of the system is shown in Figure 2.1.

System specified performance data are given in Table 2.1.

Figure 2.2 shows input meterial rates for the system and nominal time-line
dats for material processing by various components in the system. The
feces are conveyed into the blender via an air flow of approximately Lo CcFM.
Here the feces are mixed with the warm wash water and the resulting slurry

is pumped along with the transport air to the evaporator.

The urinal also uses an air flow to convey the urine into a liquid gas
separator. The separator centrifugally separates the phases with the air
going directly to the suction blower and the urine metered into the evaporator.
For urine addition, it is not necessary to repressurize the evaporator as

ig the case for commode and shredder operation. This permits uninterrupted
eveporator operation for the frequent micturitions. After urinal use, it

is automafically flushed.

Trash is manually placed into the shredder as required for later processing
when the commode is used. The plastic and paper trash and garbage are
shredded and mixed with water and pumped into the evaporator. Coincident
operation of the trash shredder and commode permits fewer interruptions

of the evaporation process.

wésh water from the galley, shower and clothes washer are also periodically
added to the evaporator as required .to keep the eveporator water level above

minimum,

2.1
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Table 2.1

SUMMARY OF RITE SYSTEM DESIGN POINT AVERAGE PERFORMANCE

Water Recovery Rate 2.3 1b/hr.
Water Input Rate 2.38 1b/hr
Water Loss to Incinerator .05 1b/hr
Water Loss to Condenser Vent .03 1b/hr
System Conversion Efficiency 9.68%

Total Heat Input Rate 6550 Btu/hr
Heat from LTHL 5280 Btu/hr
Heat from High Temperature Isotope 1270 Btu/hr
Heat Loss to Condenser Cooling Loop 2456 Btu/hr
Heat Loss to Cabin Atmosphere ' 3768 Btu/hr
Heat Loss to Vent Gases and Water 326 Btu/hr
Electrical Energy Requirements 30 watts-hrs/day
Evaporator Wall/Vapor Temperature 115/105°F
Expendable Oxygen Usage Rate .043 1b/hr
Expendable Nitrogen Usage Rate .003 1lb/nr
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The evaporator receives sll the wastes and provides solid/liquid separation
end initial water purification by distillating the wastes at m reduced
temperature and pressure of 105°F and 1.1 psia. The reduced temperature
boiling minimizes volitization of impurities, The evaporator has two

phase separators. A low speed impeller (100 RPM) creates an aritifical
gravity field for nuclear boiling in zero gravity. The high speed impeller
(2000 RPM) acts as a secondary phase separator to assure that liquid is not

carried over with the steam or air flow.

The transport air flow used to convey the wastes into the collection
devices and then into the evaporator, is created by a suction blower which
then forces the air thru the air sterilizer before it is returned to the
cabin. The air sterilizer provides sufficient retention time for the air
at high temperatures to assure that all microorganisms are killed. A
recuperative heat exchanger in the sterilizer uses most of the thermal

energy in the exiting flow to heat the incoming air.

Three catalytic oxidizers are connected dn parallel to process the

steam from the evaporator. The three units sre nested around the single

heat source. Each oxidizer contains ruthenium catalyst on alumins pellets.
The incoming steam at 120°F is preheated by the exiting steam and 1s finally
heated to 1200°F in the catalyst zone. The impurities in the water vapor

are oxidized and are vented from the condenser when the steam is condensed.
The steam exits the catalytic oxidizers at approximately 300°F.

The steam passes from the pyrolysis units to the condenser. Thé steam is
condensed between 75°F and 85°F and between .5 psia and .7 psia in the con-
denser. This pressure .is less than evaporator pressure and forces the
steam flow through the system. Gases in the steam flow {(that are not
eliminated in the pyrolysis units) are vented to space vacuum from the con-

denser.
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The low speed impeller in the evaporator also circulates the waste liquid
thru the solids pump. The solids pump consists of a filter, splids com-
pression piston and auger. The solids separated during the distillation
process are circulated thru the filter with the larger particles being
retained as the liquid returns to the evaporator. Pericdically, the solids
collected in the filter are compressed to remove excess liguid. When the
filter is filled_with solids, the piston forces the solids into the auger
where they are pumped into the incinerator. The incinerator consisgts of

a motor driven shuttle in a sealed cylinder. The solids are pumped by the
auger into the shuttle positioned at the cool end of the cylinder. After
being filled, the shuttle is moved into the high temperature zone vhere
the solids are initially dried and then thermally decomposed. Finally,
oxygen is added and the remaining solids are incinerated and the gases
vented. Incineration follows thermal decomposition to minimize the amount
of oxygen required to dispose of the solids. After incineration, the
shuttle is returned to the cool end and the remaining ashes are blown

by use of a nitrogen purge into a filter for collection. The ash ise
approximaetely 1% of the initial solid waste input welght.

The purified water is pumped out of the condenser periodicelly. It passes
through conductivity and pH sensors to a set of poteble water storage tanks.
The tanks are filled in rotation, and tested for chemical and microblological

purity prior to use.

The low-temperature RITE heater provides heat for the evaporator and the
water storage tanks. The tanks are heated {(160°F) to prevent microbial
growth. The flush water tank is heated to 100°F and disinfectant is auto-
matically added to this water to maintain sterility.

The system is automatically controlled to function in & fail-safe manner.
Alarms warn of any failures that have occurred. If any component in the
system ceases to function, components that supply effluent to it are

automatically shut down.
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Overheat of the RITE heaters is prevented by discharging surplus heat to
compariment air. The high-temperature RITE heater discharges surplus heat
through a hemst pipe to the compartment mir. The low temperature RITE
heater is protected from overheat by a seperate liguid loop and a hest
exchanger which is interfaced with the low-tempersture fluid loop.

Excessive heater temperature (190°F) activates this loop.

2.2 G(189A Program Descriptions

The G189A Generalized Envirommental/Thermel Control and Life Support Systems
(ETC/188) Computer Program (References 3 and 4} was selected for use in
modelling the RITE system. It provides an extremely versatile and useful
analytical tool for support of ETC/LS system development work beginning with
preliminary design and proceeding through hardware design, system integration
and test, and actual flight. A Gl89A simulation is useful in determining
total system steady state and transient performance, establishing test con-
ditions, and performing failure mode analyses.

The RITE system is simulated with the program by deseribing the equipment in
terms of individusl "components" which are connected by geseous or liquid
flow streams. Each particular type of component is simulated by an individual
component subroutine contained within the GL89A program. A component corres-
ponds to all or part of a physical part; such as a tee, heat exchanger, etc.;
or to a complete subsystem or process; such as incinerstion, pyrolysis, ete.
The individual components of the simulation are arbitrarily assigned successive
integer numbers which are used to define the component flow stream inter-
connections and to specify the computational sequence of the individual
components. The interconnection and sequence data are specified by the user
and may be easily changed. The computational sequence generally follows a
path corresponding to the system flow stream paths.

The G189A component subroutines perform heat transfer, chemical reaction,
and mass and energy balances for both steady state and transient operating
conditions. System pressure drop versus fan or pump pressure rise balances

can also be performed if desired. Exemples of energy balances are: (1) the.
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summation of heat rejection from the heat block balanced with the total
heat generated by the high temperature isotope and (2) the summation of
condenser heat loads balanced with the heat rejected to the ccoling loop.
Examples of mass balances include the balancing of water vapor and 002
generation rates from the evaporator against oxygen supply rates, pyrolysis

rates, and condenser removal rates.

The G189A program is essentially comprised of seven sections: (1) a

main subroutine or Master Control Block (MCB); (2} and Input Editor; (3)
two user coded subroutines, GP@LYYl and GPPLYZ2, for implementing sdditional
computational logic; (4) a set of ETC/LSS component subroutines; (5} a
pressure drop analysis subroutine; (6) a set of utility subroutines; and
(T} a SD-4060 plotting package.

Figure 2.3 presents a block dizgram of the 6189A'program logic. The
program operations and their seguence are determined by the Master Control
Block (MCB), also known as subroutine ECLST. The operations performed

by the MCB are indicated in the center block of Figure 2.3,

All component date and table data are dynamically loaded, at execution

time, into a large single array which is predimensioned in the main program.
The G1l89A program allocates storage within this single array as the simu-
lation data are input and at completion the number of unused storage
locations are printed. If the simulation data overflows the array execution
is halted and a note to that effect is printed. This feature allows computer
core storage requirements to be adjusted to each simulation and may result

in cost savings end decreased turn-around time when operating on multi-

processing or time sharing computer systems.

Another capability provided by the Gl89A program is the use of & flow
code option. Table 2.2 specifies the type of flow data computed and stored
within the program for each of the five basic flow code options (0-4}.

Addressing provisions for 100 flow code options {0-99} are provided within
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Table 2.2
G189A FLOW CODE OPTIONS

Flow: Liquid

Flow Code =

0

Gaseous Liquid

1

2

3

4

10,
11.
12,
13,

14,

15,
16,
17.
18,

19,

Total Flow
Temperature
Upstream Duct Outlet Pressure

Component Outlet Pressure

Noncondensables Flow
Condensable Vapor Flow

Condensable Entrained Liquid
Flow

Noncondensables Specific Heat

Noncondensables Molecular
Weight

Oxygen Flow

- Diluent Flow

Carbon Dioxide Flow
Trace Contaminants Flow

Special Flow No. 1

]

Special Flow No.
Special Flow No, 3
Special Flow No, 4
Special Flow No., 5

Special Flow No, 6

—

]
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the program. The basic liquid flow code option of zero requires the
minimum amount of data storage locatlons (L) and contains total flow,
temperature, and pressure data. A liquid flow code option of four reserves
nine storage locations and allows the total flow to be subdivided into

five constituent flows (Speciml Flow Nos, 2-6). 'These special flow
constituents may be selected from up to 99 different species whose thermo~
physical property data are defined by the user. Three gaseous flow code
opticns {1-3) are available.

The basic gaseous flow code option of one requires nine data étorage
locations and subdivides the total flow inte noncondenssbles, condensable
vapor, and condensable liguid flows. The gaseous flow codes of two and
three further subdivide the noncondensables flow into fixed constituents
and special flow constituents, these options are useful in tracking parti-
cular constituent flows within the advanced recovery systems such as carbon

dioxide, hydrogen, methane, etc.

The G189A thermodynamic and mass balance equations arei based on real gas
mixtures and the thermodynamic properties (specific heat, molecular weight,
viscosity, and thermal conductivity) of the total flow stream are computed
from the input constituent property data and the calculated constituent
flows. All component and table data are input using s standardized set of
data card formats which provide ample room for comments. - This feature
allows the user to document all input dete and, if desired, all component
output data for an ETC/LSS simulation thereby providing & self-documenting

set of input data which are always in agreement with the simulation.

2.3 BStudy Approsch

The study spproach is outlined in Table 2.3. As indicated the system
was considered to be comprised of individual groups or "loops" of
components which interface with each other and with boundary conditions.
Schematics which are often called Component Definition Diagrems were
prepared for these loops. These disgrams indicate assigned component

numbers, assigned component subrocutines, flow connections, and boundsry
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TABLE 2.3
RITE SIMULATION STUDY ORGANIZATION

TASK { PROGRAM NEW E SUBSYSTEM | SYSTEM :
REQUIREMENT  |ORGANIZATION SUBROUTINES ' CORRELATION SIMULATION ' SIMULATION APPLICATIONS '
G-1894
SCHEMATICS e !
MASS & HEAT BALANCE -y 1
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. CONDENSER .| j
. INCINERATOR T~ _ %
© HEAT PIPE } e i
COMPONENT ! | PYROLYSIS :
WORK { ATR STERILIZER !
EFFCRT | | EHEAT PIPE 5
| {EVAPORATOR  __ :
| { CONDENSER Fo .
; ' INCINERATOR R, '
! 'HEAT BLOCK A
E AIR LOOP
o VAPOR LOOP

SOLID WASTE
1OOP, COOLING “-_!
LOOP, FLUSH .

{
| WATER LOOP S
; LTHL, POTABLE Ta
| WATER LOOP |
. SYSTEM e
: | STEADY STATE
i . TRANSTENT ;
!
TO G-189 SCHEMATICS SUBROUTINE | CORRELATION COMPUTER COMPUTER | ANALYTICAL RESULTS
NASA HEAT IN MASS DOCUMENTATION | DESCRIPTION, RESULTS RESULTS | COMPARISON WITH .
COR BALANCE i DATA DECKS DATA DECKS DATA DECK /180 DAY RUN DATA |
-CONDENSER/ . i
DATA SYSTEM ‘ ' EVAPORATION CORRECTED MASS  |BASELINE 180 DAY %180 DAY RUN DATA
'REQUIREMENTS | DESCRIPTION {OPERATION AT - @ HEAT BALANCE, |RUN OPERATION |
(c.E) | 2 PRESSURES - j CONTROL LOGIC DESCRIPTION {




conditions. This procedure, along with developing system familiarization,
resulted in the determination of the need for four new component subroutines
and the need for modifications to one existing subroutine, The new sub-
routines are those for simulating the RITE evaporator (subroutine EVAP),
condenser (subroutine CNDNSR), incinerator (subroutine INCIN) and heat

pipe (subroutine HTPIP). The modified subroutine is used in simulating

the water tanks (subroutine TANKG). The use of heating fluid coils on

the RITE water tank walls necessitated that the modelling capability

for this feature be added to subroutine TANKG.

As noted in Table 2.3 the individual loops are as follows: air loop,

vapor loop, solid waste loop, cooling loop, low tempersture heating loop,
flush water loop and potable water loop. Once the loop of components were
gpecified the next task was to obtain the parameter data for the individual
components in the loops and to prepare the corresponding input data for the

G189A program. The procedure for obtaining these data was as follows.

Plotted deta showing the results from steady state and trensient tests
for some individuasl system components were provied by General Electrie.
The Gl89A program models for these components were correlated with the
test data by adjusting such quantities as heat transfer coefficients and
thermal masses so that computed temperatures closely agreed with the
cérresponding test data. In cases where component test date for use in
determining component parameters were not available or values for the
parameters themselves could not be provided by General Electriec, two
additional means for arriving at values for these parsmeters were under-
taken. The first was to perform engineering celculations aimed at
obtaining reasonable estimates for the parameters. The other means was
to obtain computer runs for predieting performance of individual loops.
Comparing test data for loop performance, such as supply and return
temperatures at a given flow rate, with the corresponding analytical
date often indicated the accuracy of parammeter data for components in the
loop. Simulations for the loope noted in Table 2,3 were run on the
computer., Modifications in component data were made until satisfactofy

loop performance was achleved. When the loop simulations were considered
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To be satisfactory they were combined into the total system simulation.
The total system simulation has been used to &) evaluate the current RITE
system steady state and transient performance during normal operating con-
ditions and during off-normal operating conditions ineluding failure modes
and b) evaluate the effects of variastions in component design parameters

and vehicle interface parsmeters on system performance.

2.4 Summary of Computed Results

Computed data have been obtained for steady state and transient operational
conditions. Steady state simulation cases have been run in order to determine
design point and off design operating conditions. Gteady state or 2k-hour
average design point operating conditions are summarized in Table 2.}.

Off design point operating conditions heve been used in preparing the perfor-
mance meps for Sections 5 and 6. Section 6 cOntains plotted data obtained
for investigations of the effects of variations in boundary conditions and

component heat transfer characteristics on system performance.

One of the more significant results of these investigations is that for a
LTHL supply temperature of 180°F to the evaporator the optimum water recovery
rate decreases from 2.3 lb/hr to 2.13 1lb/hr as the condenser coolant inlet
temperature is increased from 35°F to S0°F. The condenser pressure level

for optimum water recovery varies from 0.63 psia to 0.8 psia for the cases.
The importance of condenser pressure level is explained and demonstrated

in Section 5.3. Briefly, for condenser pressure levels lower than the
optimum, condensation rates and therefore recovery efficlency are reduced due
to the small temperature difference between the condenser wall temperature and
the saturation temperature of the vapor. For condenser pressure levels higher
than the optimum, evaporation rates are reduced with correspondingly reduced
recovery rates due to the higher back pressure which reatricts output flow.

In investigating changes from the design point values in evaporator and
condenser overall conductances (UA) between heat transport fluid and process
liquid the following improvements in system performance were determined:
increasing the evaporator UA from 92.6 Btu/hr °F to 150 Btu/hr °F increased
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the water recovery rate from 2.3 1lb/hr to 2.L2 1b/hr while increasing the
condenger UA from 117 Btu/hr °F to 150 Btu/hr °F increased the water
recovery rate from 2.3 1b/hr to only 2.32 1lb/nr.

Transient cases have been run in determining the dynamic performance of the
system with nominal timelines for micturition, defacation, and incineration
activities. The plotted transient resulis are given in Section 5. The
above step function type time line activities cause damped temperature
responses in system components such as the evaporator, heat block, and

incinerator.

Transient failure mode datsa are presented in Section T for failures in the
cooling loop, in the incinerator vent valving, and in the low temperature
heating loop.

Transient evaporator and condenser itemperatures for a failed cooling loop
show the condenser wall temperature rising from 7S°F and stabilizing at
about l00°F with a corresponding slight increase in evaporator temperature.
During these conditions the condenser recovery rate decreasses to zero and
the evaporator vapor output decreases to a low value due to the increased

back pressure from the condenser.

The incinerstor vent failure results in an increase in incinerator temp-
erature from about 1150°F to about 1U60°F due to the prolonged oxidation of
golids within the evaporator. The isotope capsule temperature is only
slightly perturbed during this condition due to the large thermal mass of
the heat black and the components mounted in the heat block.

The failure of the LTHL were postulasted to oceur with loss of coclant flow,
loss of coolant from the loop due to leakage, failure of the evaporator
bypass vaelve or draining of liquid from the evaporator, and loss of water
from the low temperature isctope shield tank with various types of simul-
taneous failures in the LTHL. Loss of coolant flow results in an incresase
in coolant temperature from 150°F to about 300°F with corresponding slight
changes in isotope and shield tank temperatures. Logs of éoolant from the
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loop, however, results in an increase in 1sotope capsule temperature from
900°F to over 1000°F in about 23 minutes with the temperature still rising.
This is due to the fact that with the loss of the conductive path through
the fluid in the isotope capsule cooling Jacket heat transfer between the
isotope capsule and the tank is now mainly by radiation and is assumed to
be much less than when the fluid is present in the isotope capsule cooling
Jacket.

1oss of heat removal from the LTHL due to either failure of the evaporator
bypass valve in the full bypass position or due to draining the evaporator
1iquid is protected by the emergency heat exchanger loop. It was found

that an emergency heat exchanger UA >50.0 Btu/hr °F is required to edequately
control the coolant tempersture to below 190°F.

With loss of water from the isotope shield tenk and with the evaporator
bypass valve failed in the full bypass condition, the plotted results show
that the emergency heat exchanger locp maintains the coolant outlet temp-
erature at 210°F and the isotope capsule at about 995°F. Of course with
these conditions along with a loss of the emergency heat exchanger loop,

the coolant and isotope capsule temperatures rather gquickly rise to excessive

levels.

With the exception of the LTHL feilures, failures in the system would only
interupt RITE operation until repair is accomplished and, at least in the
short run, would not endanger the health of the crew. Failures in the
LTHL could result in the loss of isotope cooling which could lead to loss
of capsule integrity and the escape of radioactive particles. Thereforg,
a secondary, passive, emergency cooling mode should be an integral part of
the isotope design.
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2.5 Applications for Prepared RITE Simulation

The prepared analytical simulation of the RITE system can be used to
accomplish several different objectives. These cbjectives are of course
related to the future research and development activitles which the RITE
system and derivative systems will experience. A partial list of possible
future RITE activities along with corresponding applications for the pre-

pared simulation is as follows:
A. Improvements in Present System's Performance

Further G189A simulation investigations of component design changes could
lead to additional insight concerning component modifications directed
toward improving system performance. For exemple, better thermal insulation
characteristics for components in the low temperature heating loop would

reduce the present large heat loss to the environment from this loop.

B. Changes in System Boundary Conditions Commensurate with Future Space-

craft Characteristics.

Investigations of system performance with revised liquid and solid waste
material processing quantities and time lines, available coolent flow: and
temperature level, cabin atmosphere temperature, pressure, and composition,
etc., appropriate to future spacecraft characteristics will determine the
suitability of the RITE system to these environmental and cperaticnal

charascteristies.

C. Scaling of RITE System Equipment

Investigations of system performance with scaled component characteristics

as a result of changes in boundary conditions and/or accommodated crew

size will determine optimal‘component characteristics, Examples of these
gre: required overall UA for heat transport to fluid or enviromment, volume,
pumping power, weight, heating and cooling requirements and expendables
required. This type of investigation could be directed toward establishing
an experimental RITE configuration for a Sortie Lab. experiment. '
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D. Integration with Other Systems or Subsystems

Revising the present simulation to provide modeling for components from
integrated systems or subsystems as a result of revised boundary conditions
or other reasong would lead to a system simulation capable of supporting
the design and development of the integrated system. For example, imposing
a large wash water requirement on the system due to inclusion of a shower
in the system might lead to integrating a multifiltration assembly with
thePRITE system.
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Secticn 3

COMPUTER MODEL DESCRIPTION

The RITE system computer model is comprised of eight main subsystems. The

subsystems and their function are defined below:

1. Low Temperature Heating Loop - Supplies heating fluid (water) to the
evaporator, potable water storage tanks, flush water tank, hot water

heater, and the air heater.

2. Flush Water Loop - Collects Environmental Contrel System (ECS) con-
densate input. Provides flush water for the urinal, blender and the
trash shredder.

3. Ajir Loop ~ Provides drying air flow for the urinal. Sterilizes exhaust
air in the air purifier.

L, Solid Waste Loop - Provides solid, liquid and gaseous inputs to
the evaporator. Incinerates solids and then collects resultant ash

in the ash collector.

5. Vapor loop - Evaporates water vapor from the evaporator solid-liquid
slurry. The vapor is purified in three catalytic burners and is then

condensed in the condenser.

6. Cocling Loop - Provides cooling flow to the condenser and the water

cooler.

T. Potable Water loop - Collects and stores water from the condenser.

Distributes hot and cold water as required by users.

8. High Temperature Heaﬁ Source - Provides high temperature heat to the

incinerator pyrolysis units and the air sterilizer.

3.1 Computer Model Qrganization

The G-189A RITE simulation model was divided into the corresponding eight
subsystem Joops. EFEach loop was develeoped independently prior to being
integrated into a total system. The component mumbers for each loop were
assigned as shown below.
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Subsystem Component Numbers

1 Cooling Loop l1-19
2 Air Loop 20 - 39
3 Flush Water Loop Lo - 59
N Potable Water Storage 60 - 99
5 Low Temperature Heating Loop 100 - 179
6 Hest Block 180 - 199
T Solid Waste Loop 200 - 219
8 Water Pyrolysis 220 - 239

The calculation begins at component 100, the radiocisotope heater of the low
temperature heating loop. In the first part of this loop the heating fluid
is distributed to all user loads. The calculation then transfers to the
flush water loop where flush water is provided for the urinal, shredder

and blender as required. The calculation then transfers to the alr loop.
Urine, flush water and air enter this loop in accordance to the micturation
schedule noted in Section 5. After liquids are separated and directed to
the evaporstor, the remaining. air is blown by the fan to the air sterilizer
and then back to the cabin.

Calculation control then shifts to the solid waste loop. In the solid waste
loop the air, solids, and flush weter requirements for the blender and teash
shredder are collected and directed to the evaporator. The input schedules
are defined by table datm and are shown in Section 5. In the evaporator

water vapor is generated and the solids are directed to the incinerator.

The calculation then shifts to the vapor loop. In this loop the gases given
off by the evaporator are oxidized in the pyrolysis beds and the water vapor

is condensed in the condenser.
The order of solution then continues with the supply portion of the cooling

loop. The coolant loop provides coolant for the condenser and the water

cooler. The next operation involves the potable water storage loop. In
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this loop the wster is collected from the condenser, stored, and then heated
or cooled end dispensed upon demand. The calculation then returns to the

cooling loop where the coolant is collected and returned to the source.

A heat balance is then performed on the heat block and the heat pipe. Finally
the calculation returns to the low temperature heating loop, Here the fluid
is collected from the heated equipment and returned to the isotope heater,

component 10Q0. The system is then ready to perform another pass.

The logic used to control the operation of each of the above loops is dis-
cussed in detail in the subsequent sections. The G-189A schematics of the
loop are key elements in the description of the computer model. Therefore,

a review is given first of the information contained in these diagrams.

3.2 Computer Model Documentation

The description of the computer model for each of the subsystems includes

a G-189A block diagram schematic of the system. Aﬁ example of the appli-
cations of a G-180A schematic is shown in Figure 3.1. Each block in the
diagrem corresponds to a major component of the subsystem. The block con-
tains the domputer component number, the component name and the name of

the subroutine used to simulate that component. The circled numbers define
the system flow splits and tees. The solid arrows connecting the component
define the source of primary and secondary flow. Primary and secondery flow
are noted by a P and S respectively. Also noted in the Figure is the flow
code definition and a list of the constituents comprising that flow code.
The solid-dash lines connecting the components define the component order

of solution.

The subsequent writeup defines the operation of the loop and technical date

for each component. Control for each component is defined by the GPOLY1

and GPOLY2 subroutines. The GPOLY1 and GPOLY? logic for each component is
defined side by side with the corresponding listing. Generally, these component
deseriptions do not include the detailed numerical data. Numerical values

of the input data may be found in Appendix B (Input Data Card Listing).

The system G-189A schematic is shown in Figure 3.2. The system was divided
into eight subsystems snd the description of the computer model for each

of these subsystems follows:
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3.2.1 Low Temperature Heating Loop

The schematic of the Low Temperature Heating Loop (LTHL) is shown in
Figure 3.3. The locop provides heat for the evaporator, five poteble
water storage tanks, water and air hesters, and the flush water tank.

The coolant is heated in the isotope heater, component 100, and is then
pumped by one of two pumps (104, 105) to the user components. Only one
pump is used at any one time. The cother pump is switched on upon failure
of the first. Flow splits 108, 112, 113, 11k, 115, 116, 117, 120, and 121
distribute heating fluid to the evaporator, the five storage tanks, the
water heater, air heater and the warm flush water tank. Components 126,
127, 128, 129, 130, 131, 132, 133, and 134, simulated by subroutine FLEMIX,
. eollect return flow from these components and return the flow to the radio-

isotope hester,

Prior to the return to the heeter, the fluid flows through an emergency heat
exchanger, compcnent 137. The heat exchanger is activated when loss of
cooling in the loop drives the fluid temperature at the exit of the isotope
heater higher than 190°F. The coolant supply, component 135, provides
coolant flow to the by-pass temperature control system, components 136 and
139. When the radiocisotope cotlant outlet temperature reaches 190°F, the
coolant flow is directed by flow split 136 to the heat exchanger.

Components 109 and 110 form a by-pass control loop to regulate the evaporator
vapor outlet temperatures. When the vapor temperature reaches 105°F the
heating fluid is bypassed sround the evaporator. Flow to the evaporator is
re-established when the vapor temperature drops to 104°F,

Components 124 and 125, form a bypass loop to control the warm flush water
tank temperature to 90 + 1°F.

Similerly, components 122 and 123, form a bypass loop around the air heater

to control the ocutlet air temperature to 110°F.

The detail GFOLY1l and GPOLY2 control logic which perférm the functions
detniled ebove is given in Table 3.1.
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Table 3.1

GPOLY LOGIC FOR THE LOW TEMPERATURE HEATING LOOP

Order of Bolution ~ START, 100, 102, 103, 10k, 105, 106, 107, 108, 109, 112, 113, 111» 115, 116 117, 118
120, 121, 122, 12k to Flush Water Loop

From Heat Pipe, 125, 123, 126, 127, 119, 128 129, 130, 131, 132, 133, 110,‘111, 134,

136, 137, 139

Component 100, Radiocisotope Heater
Subroutine: THERMAL
GPOLY1

The inlet temperature and flows are
transferred to the npdal network.
The inlet temperature A(2) is
transferred to R(82). The inlet
wcp is entered in R(75).

Component flow and properties passed
. to the cutput R-Array

. GPOLY 2

The outlet flow temperature cal-
culated by the nodal network in
R(69) is transferred to the output
R-array.

c GPOLYL LOGIC FOR LOW TEMP, HEATING LOQP

€ —

C . INTERFACE OF THERMAL Cidip TO €139
c _

e § S IR orme o e < 16 A R s R
NLAGT®2(99 » -
R{B82)z4a(2)
RAPET=CPAAELY
DO 1420 Jsg,19

Component 104 Coolant Loop
Subroutine: PUMP
GPOLY 2 '

Pump power is set proportional to
flow rate, 1If pump 1 fails switch
valve 103 to pump 2.

1400 R{d)=A(?
- 4:00-CONTINUE ——— :
o ‘ L . ' ,
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IFIN G NE, 100) G To 109 . -
6 PHTERFAGE—OF—THERMAL—BTE0—F0— 0139
. - R{2)=R(6Y) : :
;—%ﬁﬁ~GBN¥TﬁHE
C
g-——-—-ﬂeﬁwww 1T PPN EN Tt

IFENNE, 124)60 TN 104
“wulﬁu TSt

104 CGNTZNUE




GPOLY LOGIC FOR THE LOW TEMPERATURE HEATING LOOP (CONTINUEL)

Component 109, Evaporator Control Valve

Subroutine SPLIT
GPOLY1

If the evaporator ocutlet vapor temp-
erature greater than 105°F bypass
flow around eveporator. Reestablish
evaeporator flow when vapor temperature
drops back to 10h°F

Component 122, Air Heater Control Valve
Subroutine SPLIT

GPOLY1

Bypass heating fluid around air heat
exchanger when outlet air temperature
greater than 110°F.

w
o

Camponent 12h Flush Tank Control Valve

GPOLY1

Subroutine SPLIT

When tenk liquid tempersture greater
than 96°F, bypass heating flow.
Reestablish flow when temperature
drops to 9h°F

€ ——-EVAPGRATOR COOLING L1410 CONTROL YALVE (COHPONENT Lot
C.

IF(N,NEL19) GN TO .19
> ey ma s
“**““*Eﬁ?9?¥?LcLUT¢J
IF(TEMPS,QT,1.8)7(65)y=1,0(
TF(R(65) . GY L 0 AND TENPS W LT 404, }R(65)50,0
109 CONTINUE

IFEN,NE, 122060 T7 122
— & {RIEPEYVRTT)
R{&8)s(,:
IF(AIRTER,GT, 1150 RE65)®L,0
T CONTINGE )

WARM FLUSH WATER] Tatik nONTROL LOSIC

Fl
™

IF(STEADY) GG 10 124
TTANKEVV( 41,7 )

IFCTTANK. GT.96.00RC6%)E1,0
IF(R(ED) AT G 0 AND TTANK LT 94,5)R(65)20,0
2 CONTINGE—

Component 136 Emergency HX Controller

GPOLY1

Subroutine SPLIT

When the isctope heater outlet temp-
erature reaches 190°F start coolant
flow to emergency heat exchanger.

LTHL HX GONTROLLER (COMPQNENT  136)

IF(N,NE,136)GC T 134

RITET'VV(iDD:Z)
—R{EITEN T

IF!RITET.GT 192, 2)R(£59=1,0
136 CONTINUE




3.2.1.1 Low Temperature Isotope Heater Nodal RNetwork

The simulation of the low temperature heater and shield tank is accomplished
using the G-189A generalized thermal analysis subroutine THERML. The low
temperature heater consists of & plutonium capsule and electricel heater
generating a total of 5120 BTU/hr, circumvented by & heat transfer plate
which dissipates heat to the heating fluid (water at about 15.0 psi). The
capsule with the heat dissipation plate are Immersed in g water tank which
not only mcts as a radiation shield, but also serves to dissipate the heat
from the radioisotoPe in the event the heating fluid flow stops. Figure 3.k
is a nodal model of the low-temperature heeting system. It consists of a
wvater tank, a heater exchanger through which the heat from the radicisotope

is transferred to the hesting fluid, and the redioisotope core,

3.2.2 Flush Waster lLoop

The G-189A schematic for the flush water loop is shown in Figure 3.5. The
first component in the solution path of the flush loop is the warm flush
water tank. The flush water requirements for the urinal, blender, and the
wash shredder are given in computer input Table Data 6, 7 and 8 respectively.
{Appendix B) These requirements are imposed on the tank component and the
flow is pumped to the corresponding valve (components 46, L8 or 50) leading
to the user load. The GPOLY logic which performs this function is listed

in Table 3.2,

Makeup water is added to the tank from the ECS condensate system. A constant
water flow of 0.82h 1b/hr at TO°F is entered through alternate component 51.

The TANKG subroutine which simulates the warm flush water tank has been
modified to include internal and external convective heating as well as being
able to perform steady state heat balance. The subroutine documentation for
TANKG is included in Appendix A. A mass and energy balance schematic for

the tank illustrating key tank parameters is shown in Figure 3.6. The schematic
should be useful in readily selecting key tenk date from the program output.

The schematic is valid for all the tanks included in the RITE simulation.
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A Temperature of
Surroundings, R{81}

kA
<= R(79)
o —— - Node 3 Shield Tank Temperature, R{T1)
~
“Te =R(Th)\
/ P3 kA/2 =R(TT)
kA /2=R(78) 2 /
Q. =R(80) - ] , 9
n M ’ = Node 1
A . ’ Coolant Outlet
Node 2 kA ; Temperature, R(69)
Pu-238 ) =
Isotope ——— rd mcp =R( )
Temperature, R(T0) 1
Heat Exchanger
@{ N (Water, Shield Material)
Low Temperature Heating Loon
Inlet fluid temperature, R(82 - ~__ ghield Tank

FIGURE 3.4 ISOTOPE HEATER THERMAL NODAL NETWORK
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Flow Definition = L

R(1) = {R(35) = ures
R(16) = solids
R(17) = water

3\ To Low Temp
\Heat Loop

. From Low Temp
“JHeat Loop

From Low Temp
Heat Loop

ECS Condensate
Input

g “: !Valve
To Feces
B b Blender

(ALTcmm) (Table T)

Solution Path
21 To Air Loop

Lch!M) (AL'I‘CQ!M)
To Urine To Trash
Load {Table §) Shredder {Table B)

FIGURE 3.5 FLUSH WATER LOOP {FLOW CODE k)
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Table 3.2
GPOLY LOGIC FOR THE WATER LOOP

Order of Solution From Low Temperature Heating Loop, 41, 43, 4k, 45, 46, L7, 48, L9, 50, to Air Loop
' T

Component 41, Warm Flush Water Tank
LASIC FAR FLUSH HATER LOQF

Subroutine: TANKG
GPOLY1
The output of the tank is equal to the f

GPOLYL

acoanaoon

£1°¢

flush water requirements of the urinal, . e 44— W ARMPLHSH- WA TER NE—
Wy shredder, Voo and blender, w_. These Ig?;ﬁzgﬂzii Gg ?;R::ﬂ ’ w¥ TANK
?re r_:acll- fl)'om tables 6, 8 and T respectlvely NU;V&LUE(G:CVCLE”GC v 6204000000
see below -
"%quﬂﬁﬁm““ A
The split ratio of 45 is then calculated WF®VALUE (7, CYCLEC210/C5000,0040,0)
SR = e R(L7YRHY+HF*HS
wc + wu + ws + wf : _.__..___..R.tj,._).-_R ‘_t_?_’ — e e
? NS18VY(54,17)
where w_ is the input condensate flow ’ Ald)=W51
Rt s T T
The split ratio of U6 is then calculated A(i?)liii)
¥ T Ve SPL 74555, (
SR = 75 5 “-“““fF{R{t?)*NE“ﬁ*ﬁ+4PtT45*R*1?%41R(17%*#513
s f u CALL SV(SPLT45,4%,485)
The split ratdo of 4B is then calculated SPL’”‘G‘?' ﬂ. e ‘ .
¥ CALL SV(SPLIT46,46,6%)
BR = —r SPLIT4857,0
v_+w , >, B N
8 f o WS E T e 0 YSPL I T4 B B RF A W+ W)

These values are stored in their
respective component data.

CALL SV(SPLIT4R,48:6%)
41 CONTINUE

c t bh, Pum =
SEROREE P € FLUSH WATER PUMP=COMPONENT 44
Subroutine: PUMP c CALCULATION OF PUMP PQuER
GPOLY2 v
Pump electrical power calculated from N TR E TR T e e e
the following relationship: R{70)30,0
IF(R{L) 5T, 0,5RE7%) 37052740, 04?3-R(1)
Pp = 0.0327 + 0.0473 w — 4 CONTINVE — -
where w is the flow rate




MASS_BALANCE
R(78).= Mass Q
R(79) = Mass pE1
R(80) = Mass CO
R(81) = Mass Trace!
R(82) = Mass SF#l
R(83) = Mass SF#2
R{84) = Mass SF¥3
R(85) = Mass SF#u4
R(B6) = Mass SF#5
R{8T) = Mass SF#E

ENERGY BALANCE

T aeR(5H)

—F;tzggj'

Tstructure=

qstruct

- R¥73) = Mass Non Cond. |
R(T4) = Mags Vapor
R(75) = Mass Cond. qu,j

R

=R(62)

|

.~

Input A--Arrsy

|

=

Heating
Total Mass = * Fluid
R(69) B-Array
Temperature =
R(TO)
Volume = R{T1) Heating
Pressure = Fluid
R(Te) Out
R({20}-R:
"E'“ R(97) (20)
Qutput GPOLY
R(1) = R(19)
Tinsula.tion = R(63) q - B(
Twall = R(51) * Ry
From Hea
Loop

FIGURE 3.6 TANKG MASS AND ENERGY G-189 OUTPUT REPRESENTATION



3.2.3 Air Loop.

The G-189A schematic for the air loop is shown in Figure 3.7T. Urine and
drying sir enters the system through component 21, the urinal, aes defined

by the schedule entered in computer input Table 9 (air supply) and Table 10
(urine supply). Urinal flush water enters the loop through component 22.

The combined water, urine and air flow enters the liquid-gas separator,
component 23, where the liquids are separated and directed to the evaporator.
The gases are blown by the fan through the air sterilizer and then returned
to the cabin. The control logic for the loop is shown in Table 3.3.

3.2.3.1 Air Sterilizer Thermal Model

The air sterilizer consists of a high temperature sterilization chamber and

a counterflow heat exchanger. It operates during the commode use and serves
to assure that viable organisms do not escape from the WM/WS via transport

air flow. A secondary function is to provide thermal control of the RITE
capsule in the heat block should the heat pipe malfunction. A nodel schematic
of the air sterilizer is shown in Figure 3.8.

The simulation of the air sterilizer is accomplished using the G-189 component
subroutine THERML, the thermal analyzer subroutine. Subroutine THERML was
used to determine heat balance and heat loss due to air sterilizer operation

and to predict the overall performance of the air sterilizer.

3.2.4 So0lid Waste Loop

The G-189 schematic for the solid waste loop is shown in Figure 3.9.

The loop serves to direct all liquid and solid wastes into the evaporator.
Component 201 is used to enter feces in accordance to the schedule entered
in Computer Support Table 16 (see Appendix B). Flush water for defecation
enters from the flush water loop from component 50. Trash is supplied from
component 50 in accordance to the schedule noted in Computer Table 13. The
corresponding trash fluéh water supply enters through flush loop vaive
component L9. A constant supply of one pound per hour wash water enters the
system from component 219, All the solids and liquids are directed to the
primary side of the evaporator.

3.15



9Tt

Flov Definitions(FC=3)

R(1) R(5) = {R(10) = 0, Flow
R(6) = Vapor R(11) = N2
R{7) = Condensate R(12) = CB
R(13) = NH-
R(14) = H23
R(15) = Urea
From Flush R(16) = Solids
Water System A Tc Evaporator LR(lT) Water
Meteredflow
Return (FLOMET)

{ALTCOM).

: (Gasmix) Liquid Gas
Urine-Air Separator
Supply (SPLIT)

Component Number

(Rame) G-189 Component Subroutine .

Air From
Vapor Loop:

FIGURE 3.7 G-189 COMPONENT DEFINITION DIAGRAM
FOR THE AIR LOOP (FLOW CODE 3)

|
g\

. Air Sterilize

r  Heat From
Heat Block

LB MRS

Loss to
Environment
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Table 3.3
GPOLY LOGIC FOR THE AIR LOOP

Component order of solution - From Flush Water Loop 21, 22, 23, 28, 24, 25, 27 to Solid Waste Loop

Component 21, Urine Air Supply | ! oo COMPONENT 21 - URINE # [F SUPPLY
Subroutine: ALTCOM | IF(HNE, 200 GO Th 23
| e..' o -
GPLOY2 |
Sfie ; C STANDAR R [MP'ITeid,7? PSI ool
Air supply schedule taken from Table 9. ! C NI#EJEAVEPﬁ ! 17 ;1?E”LENT 7o DEGe F
Air is assumed to be composed of the X c OXYGEN —- - — BERCENT - — oo e
v | ¥ 2673 PEFCEN
following constituents: ' c NTTROGEN 72" P™ESCENTY
R n “S DERCENT
Water Vapor 6 1.05% | c _____ CARB=DIOXIDE 97,6 E (': N ’ '
Oxygen 26.3 % R(6)23,0405*WAIR
Nitrogen 2 % ' s . P YSIT
Carbon Dioxide 65 % | . R(it),ﬁu,..éﬁ ALY

“RELLYEE P2 -wHATR
RE12)20,0F6804A]R

Urine input schedule from Table 10. c
—R{gyediTe

Urine is assumed to be composed of

the following constituents: o INPUTe MIGTJURATINN

WURSVALUS{ LS SYCLECIL "0 0,0)90.0)
oy o I
Urine Solids 3.0% - R(4)=15.¢

R{17)190:54Dev R - S
R(15) iy, 328wk :

=]
Urine temperature set at 98,.6°F R(16280 . 538 dlIR

Urine pressure set at 15 psia

Component 22 -~ Flush Water Supply . wt e e

Subroutine: GASMIX s

GPOLY1 c GPDLYi Luazf‘ FAR Am LDQP
Mcdification to compensate for flow & e S el
code I of flush loop g

Set flush water ¢ = }00

Set molecular wt = 10 o PR ET R R AR —
This is required to use a gas mix C
subroutine with flush water i c
' B3 Y=o+
R{4)=15,
B(B)=4.,1

LD WM AT 5 eg

22 CONTINUE



Table 3.3 GPOLY LOGIC FOR THE AIR LOOP (Continued)

gT ¢

Component 24, Fan. ¢ AIR LODOP FaN = JPMPUNEST 24 =FAN ELECTRICAL POWER
Subroutine: FAN €
c

GRoLY2 IF(N,NE.24)G0 T3 24

The pump power is calculated using ¢ — -

the following relationship: , R{72)80,2

AT, 0ei)R ’
Pp:l]_?_ +0-91'H’ , ' IF‘A(!:.’aJTﬂG!,) f.’?):l“?!u D!gl-Afi)
where ¥ is the air flow +

~-p

Component 25, Air Sterilizer

IF(N ,NE, 28) @Y TD 25
Subroutine: THERMAL ! THE FGLLOHING CARDS INTERFAGE AIR STE
GroLY1l c FLOW GONVEGTION TEKMS
The nodal network is initisted from o Jife; 132? .”.“1'19
the R-arrsy 2SRt
The inlet temperature is set to R({116) R{lis)=Atl2)
R(116) = A(2) R{10&)=A(1)enPA
A1l flow in fluid nodes are set to T T RUT AR YRR e —
we, = A{1)*CPA : R{102)=Af1)sCPA
Thle) heat block temperature which _Rpmn ‘ 99)EAW( 1iuCPA
transmits heat to the sterilizer is PERY A
called from heat block component 180
R(118) = vv(180, T76) S
GPOLY?2
Recet outlet temperature of R-array
from nodal network
SR O BE T R e aE Tray ) :
o HEAT d.00K TEMPEYATURE AT NONE 6 HING T0 AIR STERIL]
R{11B8)=sVV(13C,76) .
ORI
C
IFtN ,NE, 25 82 70 25 . '
PR E G SN ORENT 25102 —

| 25 CONTINUE
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Feces Input {Table 16)
LTHL Supply

) P P P
Flush Water ;pf pr P
Supply - Flush ( Air ' S
Loop /f—\) ‘ s Py
?Blenaer \fffr Heater? | ./;;3
. ¢ : .
r . . t
| (ALTCOM) Lo . |
{ .
P P __ >
= |
_ =% Lig. From i ¥ Order of Solutiom
/;/ﬁ,v/ Lig-Gas Separa- 8- 205& 203
=7 tor Air Loop . ?}
e A L e N \‘] : Cabln Air
, e~ P 5 P - Supply (Tsble 15}
‘ /g' %9 ‘r—?\ cnreas @i (ALTCOM) glgmmop
; \ recde
IANTAN AN
i Flush Water
1
|
Trash Input (Table 1
(ALTCOM) s
Wash 218 P
" Water .
! Tank i
(TANKG) |
Wash Water Input
(ALTCOM) _ :
Evapora—(ElO 1239 )Heat
tor ‘ %‘\J Fluid
| o Evaporatd®
(EVAP) ___ (ALTCOM)
¥
To Vapor
\ ]213 iLoop
FIGURF 3.9 G-189A SCHEMATIC OF THE SOLID WASTE LOOP
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Drying air for defecation enters from component 203 as scheduled by Computer
Table 15. The air is heated by the low temperature heating loop prior to
entering the evaporator.

The GPOLY logic for the solid waste loop is shown in detail in Table 3.4,

3.2.5 Vapor Loop

The vapor loop i3 comprised of those components threugh which the vapor siream
flowe, originating at the evaporator and terminating (condensing) at the
condenser, The G-189A schematic of the system is shown in Figure 3.10.

All solid and gaseous inputs enter the evaporator from the solid waste loop.
In the evaporator the solids are separated and directed to the ineinerator.
The water is evaporated'and the vapor is directed to the pyrolysis units
where ammonia and- other products mixed with the vapor are oxidized. The
neutralized vapor is then directed to the condenser where the vapor is con-

densed and the gaseous products of the pyrolysis reactions are vented to

vacuum.,

The principal problem encountered with the simulation of the vapor loop was

the selection of the computaticnal time increment during transient solution.
The vapor loop requires a very small computational time increment for stability
purposes because of very low evaporator and condenser contained gas weight to
gas weight flow rate retio. A scheme was implemented via GPOLY logic where

a stable computing time increment smaller than the system computational time
inerement was computed at the beginning of the evaporator calculations and the
program executed the required number of passes through the vapor loop before
proceeding with the larger system time inecrement.to the components that follow
the vapor loop. The scheme for computing the stable time increment and per-

forming the computations for the vapor loop components is shown in Table 3.5

3.2.5.1 GPOLY Logic For Vapor Loop Components

The GPOLY logie for key vapor loop components is deseribed below:
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Table 3.4

GPOLY LOGIC FOR SOLID WASTE LOOP

Order of Solution - Start from Air Loop Component 27
203, 204, 201, 215, 202, 205, 208, 207, 206, 218, 209, Vapor Leop Component 210

Component 203, Blender Air Supply

Get total air flow from tube 15
Constituents of air are

Water vapor, R(6) = 1.05%
Oxygen, R{10) = 26.3 %
Nitrogen, R(11) = 72 %
Carbon Dimxide R(12) = .65%

Component 201, Solids Input

Solids input intc blender from
Table 1k,

Ccmponent 202 Blender

The power level of the blender when in use
is 372

c

GPOLY2 LOGIC FOR SQLID WASTE LoOP

¢
c

,_c ———
c

COMPONENT 203  NPLENDER AJR  SUPPLY

!F(N NE 2&3) uﬂ TO 2“3

R¢6>= 0, DiﬁbtuAIR9
R{13)2 0.263 =WAIRS
[ Mnm_}'___ﬂ_ﬁ, % am _—
R{2)360,0 |
R{42)3 J,00650WAIRE

251

IFENJNE,201) GO 70
ﬂ{2>=98 6

201 CONTINUE

BLENDER==COMPONENT 282 PONER CALCULATION
R(45) 1S SET EQUAL TO BLENDER ELECYRICAL POWER

oo

IF(N,NE,222)6]0 TD 242
9(65350

LA

1) T RS I= 372D
202 CONTINUE

c
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Table 3.k

GPOLY LOGIC FOR SOLID WASTE LOOP

Component 208, Trash Supply

Trash input is determined from Input Data
Table 13.

Component 207, Shredder

If shredder on the power level is 97T watts

-

(continued)

c COMPONENT

205 TRaTH SUPPLY

._.1

I}
T

P
- . Y
N A
i~
o M
D<Hﬁ
[RLES o

ur‘ﬂi
Fu W

H
6
)

rt
(1

™ s
13, CYCLEt2:1 0000000040

IF(HGNE 227055 T 200
T ”‘55’F5-g

IFCACL) 5T 0o
207 CONTINUE

AP L)TLT 4 0. 0)R(48YS077, 0




LA

To
Poteble
Water
Storage

Air Supply Input

Pt i

‘ o
i .
;02 Suppl&?%%}

(TANKG)

| Evaporator
| (Evar) |
[P s
|
:
L
I

| (223

Incinerater
(INCIR)
T i »

v

|
Ash @ ‘L
Collecto |

(FLOWMET ) i

I

FIGURE 3,10 0-189

Flow to
Air
Sterilizer

Coolant N\ |
Supply \ 1)

Gas
Meter 0%
- (FLOMET) k%

B
: Cond-— O Q + 9 ‘
! enser Conde T

i
LSgyDNSR)

(ALTCSﬁSllnEL“-1B> 10

!

P
Neat (206" ;“*

S Exchanggr ; I P H‘——_mui/:::j

R NP ottt

| Heat  /p3) 1 -;» (casry)

: P Exchanger ‘l J _______ !
s

COMPONENT AND FLOW SCHEMATIC FOR THE VAPOR LOOP



et

Table 3.2

GPOLY CONTROL LOGIC FOR COMPUTING/TMPLEMENTING STABLE TIME INCREMENT (VAPOR LOOP)

Component #210 Evaporator

GPOLY Logic

At the evaporator, the system time incre-
ment is saved, DELTAT. If HCOUNT > 0, then
we do not compute vapor loop time increment.
If BCOUNT =0, compute time increment, and
number of passes per system pass required
for the vapor loop.

TIME is incremented to meintain proper
timing of system.

IF¢STRADYY) 50 T2 2%

svaewe  INTE004 T1n INCREMENT #wee

(VAPOR LNGPR)

L SET -SMALL T IHE FHGREHEAT FOR QUTER e m oo

DELTATS6

IF ¢ MUOHIT 3T, o ) on TO 2153
TIMING=,+ vl 237, 81 ) ARL201*5640,
MAXONT =IF1XC DTS /2 TIPING ) +%
TIMING = UTIMEZ FLOATL AKCNT )

BT PHE @ T{MING - o e e
WRITE(6,466) DTIYE

666 FORMATLL 1Z,4THE ”AL”' "F DTIVE I¢ PUUAL YO » :F9.ﬁ ///

2133 CONTINUE
NCOLHT = JCaUNT + 1
IF¢aqQuUNT LLE, ¢y T E=T1Mt FELTa
e TIMEETIMES TN
¢l: CONTINUE

Component #237 -~ Condenser

GPOLY logic

During transient saturation of the condenser
a test for number of passes through vapor
loop is made. If value is less than
required the NEXT component to be solved

is set to #210. Otherwise NCOUNT is reset
to zero and system time step is reset to

the original value,

e M B 2373 82 Tw @R
[FCATEADY) a0 T3 27

¢ sxaswe  [ITERNSL TINF THCRENEHT  wees

(YAPOR L DOP)

R4 NOOUNT B HAXGET )-GU 102375
NEXT ® 21U
0 7O 2373

BB S GONT LG —
NTIHE = NELTAT
4enuntT =

2173 CONTIHUE - e
R(1)=H(69)
287 CuRT Y IJE
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Table 3.5
GPOLY CONTROL LOGIC FOR COMPUTING/IMPLEMENTING STABLE TIME INCREMENT (VAPOR LOOF)

(Continued)
Component #100 - Isotope Heater
GPOLY Logic ‘ f
\ TF¢H ik, LGy a1
To provide for correct time values and ) ML ASTaRAY C

not to impede the system initialization
process, the evaporator is made the last
component once system starts executing.




Component 210 - Evaporstor

A subroutine capable of simulating the evaporator in the General Electric
RITE system was not aveilable in the G-189A program library. Therefore a8
new routine, EVAP, was written. The subroutine documentation, which is

contained in Appendix A, includes schematics, mathematical modelling, and

opereticnal procedures.

The EVAP subroutine flow chart is shown in Figure 3.11l. The subroutine
performs mass and thermal balances for either steady state or transient
operation. EVAP includes the capsbility of separating (filtering) and
storing wet solids in a reservoir so as to allow their subsequent removal
from the system by a sélids pump. In addition the subroutine simulates
bilochemical reactions that oceurs within the evaporator. Due to the complex
nature of the mass balance in the evaporator a msg balance schematic is

included (Figure 3.12} which is helpful in reading the computer output.

The General Electric Summary Report, Reference 1, modified and reproduced as
Table 5-2 of this report was used as the reference for predicting the chemical
reactions., The weight flowrate of gases was not given; therefore a prediction
was made that the vent flowrates would be according to the following assumptions:

1. Flow rates of product gases out of the condenser were assumed
to be in the same weight proportion as reported in the G.E.
vent analysis. Chemical reactions in the system were pre-

dicted based on these resultant vent gas constituents.

2. Two principal non-condensable gases generated in the evaporator
are 002 and NHS' They are genereasted from the biochemical de-
composition of uree and from ammonium carbonate/bicarbonate

during vaporization of the liquid.

3. Half of the urea is removed from the evaporator by the solids
filter while the other half bilochemically decomposes to yield

NH3 and 002 .

k,  The amounts of COE’ H2’ 02, NO., NO and N_ vented are based on

2’ 2

the amount of NH3 generated,

The GPOLY logic which was implemented to simulate the chemical reactions in
the pyrolysis unit and to predice the amount of 02 required to meet the vent

requirements is presented in Table 3.6.
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TABLE 3.6

GPOLY LOGIC TO ATTAIN MASS BALANCE IN VAPQR LOOP

Order of Solution - From Solids Loop - 210, 221, 232, 223, 22L, 226, 233, 237, 213, 21k, to

Potable Water Storage Loop

Component #221-TEE
GPOLY1 Logic

The primery flow which defines the 0O
flow injected into gas stream is defifed
as

W = 7651 * w
02 NH3
where wﬁH3 is NH3 flow.

Remaining code updates the storage tanks,
weight and pressure.

Component #22k - Pyrolysis Unit
GPOLY1 Logie
H,. and N, is formed from disassociation

Nﬁ3. NH3 flow is set to zero.

In the Bosch reaction the amount of
carbon formed is function of CO
generated. The reaction coefficient
.98491 was derived from vent analysis
presented in Reference 1.

,7@34“"Tp§,.;&1) Sl IR SEU T X R
A(1) = (13) @, 7%
A{BY=A(L)
A{13)=4(1)

L(2)sT0.

WOZTUKsYY (227,89

A ‘8} - ] o ——
A ‘ Q) 3 2 )
UOETﬂK=¢D2TM<-ﬁ<3)-DTI“:
A{3)=4027
A(4)=A(3)
SV(IETHK, 22¢ 167

BV BTHNK 2Ry FAY e

CALL
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NKE1BA5 1085305, /144,

CALL

CALL
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SY( J(TN<.2“117“3

SV{UHD2THK, 22 y86™)
SVIALE3),226,3)

- et S R e

CALL SVIA(3)1223.477)
221 CONTINUE

':E P T - Rt e - - —

G PYROLYZE g o® 1/2 HNE v 3/2 W2
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¢
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CRRUDREA(L2)I%17.744,+,734191

A(1435A01aI me PRA232A017)94, 484,

A(12)3, 0253090 ("2)
224 CONTINUE
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Table 3.6

GPOLY LOGIC TO ATTAIN MASS BALARCE IN VAPOR LOOP

{continued)

Component #2h4-Pyrolysis Unit

GPOLYZ2 Logic

Test to see if there is sufficient N, to
generate NOx gases., The value of the reaction
coefficient was derived from vent gas
analysis.

c
Fii (KE. 224) 69 T 2724

v PRENICT AUQUNT NOX

c SPECTAL FLOW 2

G- e e — - GPERTA PR -3

vhTe J606%AL17)IG0 T 2241
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Component 220 Tee~Oxygen Supply

Component 220 supplies the oxygen required to generate the mass flows
defined in Section 5. The oxygen is assumed to be aveilable from a tank
and the weight of the oxygen in the tank is continually updated.

Component 22k Pyrolysis Units

The mass balances for the pyrolysis reactions are implemented in the
pyrolysis unit GPOLYl and GPOLY2 logic. In GPOLYl the disassociation of
ammonia and the Bosch reaction are simulated. In GPOLY2 the oxidation of
‘nitrogen to form NO and NO, are gimulated. The logic is described in
detail in Table 3.6.

Component 23T Condenser

A new subroutine, CHDNR, was written to simulate the RITE éystem condenser.
The subroutine documentation includes a system schemaiic, nass and heat
balance modeling and a description of the operation of the subroutine.

The CNDNSR subroutine flow chart is shown in Figure 3.13.

The subroutine is capable of simulating condensing of water vapor entering
the condenser, and venting of gases to vacuum. The condensate is removed
by GPOLY logic. Due to the complex.nature of the routine a mass balance
schematic is included in Figure 3.1 to help identify key output parameters.

Component 213 Incinerator

The solid products removed by the solids filter are transferred to the
incinerator for disposition. The waste products are processed by vacuum
drying, chemical decompositicn at high temperature, and venting of resultant
gases. The incinerator is loaded in a batch process. The vent to vacuum

is opened and the solids are dried. The vent to vacuum is closed and a
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smell amount of oxygen is introduced with the solids and the oxidation
reaction proceeds. The product gases are then vented to vacuum. The
oxygen cycle is repeated until all the solids are incinerated. At the end
of the cycle, the remaining ash is blown out by a nitrogen purge. Approxi-
mately 0.5 pounds of solids are processed per batch. The cycle duration is
approximately three hours.

A G-189A librery subroutine for the incinerator was not available, Therefore
& new subroutine INCIN was written. The subroutine documentation, which

includes s complete description of the cycle including mass and thermal
balances is provided in Appendix A.

The subroutine requires a heat source temperature for waste processing.
The corresponding heat block nodal temperature is entered into the sub-
routine through GPOLYl. The GPOLYl logic is noted in Table 3.6.

3.2.6 Potable Water Storage Loop

The Gl89A schematic for the potable water storage loop is shown in Figures
~ 3.15and 3.16. The potable water system collects condensate water from
the condenser and stores it in four potable water storage tanks. A fifth
tank, initially full; is available for emergency use, however this tank
cannot be filled from the condenser.

When the condenser reaches the 15 percent level, the transfer pump, component
63, draws half of the condenser condensate and stores it in an intermediate
transfer tank, component 65. The condenser outlet is then closed and the
game pump is then used to transfer the water in the transfer tank to the
potable water tanks.

The tanks are drained upon demand as apecified .in Table 16

(see Appendix B); the cold water demand, and Teble 17, hot water demand.
Currently the tanks are drained in order of 4, 3, 2, 1. The GPOLY logic
for the poteable water storage loop is shown in Table 3.7.
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Table 3.7

GPOLY CONTROL LOGIC FOR POTABLE WATER STORAGE LOOP

Order of Solution - Start from component 3 from cooling loop. 80, 81, 82, 83, 84, 85, 87, 86, 88, 90, 89, 91, 99, 92,

93, 95, 94, 96. Return to cooling loop.

Filling of Potable Water Storage Tank
Component 80 Flow aplit to tanks
GPOLY1

If tanks 83 and 8% are full
bypass flow to component 81.

If not full Plow to component 82

Component 81 Flow split to tanks
l and 2

GPOLY1

W  Flow to tank 86 if not full

% otherwise flow to tank 87

Component 82 Flow split to
tenks 3 and %

GPOLY1

If tank 83 full bypass flow to
tank BY

Praining of Potable Water Storage Tanks
Component 83 - Tank No. 4
GPOLY2

Qutlet. flow is the sum of cold water flow
(tube 16) and hot water flow
(tube 17). If there is enough
water in tank 83 drain that tank.

- S

GPOLY: LOGIC FOR POTABLE WATER STORAGE LOOP

THE POTABLE WATER TANKS WILL BE F!LQED IN THIS ORDER 83,84,87

1P (N,NE;80)GD TO 80

ELITY
At312100,0
A(218100,0
' R ALY By B4 69 ) 6154515
1)eDYIME/3800,0)R(465)50,0
80 CONT]NUE

daéed

COMPONENT SPLIY 81eSPLIT TO TANKS 88 AND 87

IF{N,NE;81)G0 TO AL
Rb‘))l.ﬂ

81 UONTINUE

COMPONENT 82 SPLIT TO TANKS 83 AND 84

—— P NET S PR E 8
RL&S)I=0TO
IPCVViD3,69),6T,41,50wal1)eDTIME/3600,0)R(65)ns,0

—AF-CONTINGE
GPOLY2 LDGIC POR POTABLE WATER SYQRAGE L DOP
COMPONENT 83 TANK NO, 1

??9!?VA§UE{16;TIMEc0,0!:VALUE(171TINE{010)
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T

Component 84 - Tank No. 3

GPOLY2

If tank 83 full, drain tank 84
if there is adequate water.

Component 87 - Tank No. 1
GPOLYZ

If tank 83 and 84 drained, use
tank 87 if there is adequate
water supply.

Component 86 - Tank No. 2
GPOLYZ

If previous tanks empty, drain
tank 86 if there is adequate water
supply

Component 90 - Emergency Tank
GPOLY2

If no other tanks available use
emergency tank.

Table 3.7 GPOLY CONTROL LOGIC FOR POTABLE WATER STORAGE LOOP (Continued)

c .
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3.2.7 Cooling Loop

‘The G189A schematic of the cooling loop is shown in Figure 3.17. The loop
provides cooling liquid for the condenser and the water cooler. A constant
supply of ethylene glycol coolant (280 1b/hr, 350°F) is provided by
component 1. Ninety-five percent of the fluid is directed to the cooler

in order to kill any growth in bacteria which may have formed inm the water
cooler while it was operating at the lower temperatures. The switch in
coolant direction is directed by date in- Table 1l (See Appendix B), the
water cooler supply requirements table. When the table indicates a hot
~water requirement the GPOLY logic directs the cooling flow to the secondary
side of component 2. Alternately, the heating fluid is directéd to the
water cooler, which then serves to supply heated water to camponent 9k . The
GPOLY logic required to accomplish the change in roles is described in
Table 3.8.

3.2.8 High Temperature Heat Source

The high temperature heat source consists of a heat block and a heat pipe
for emergency heat rejection. The heat block provides heat for the pyrolysis
units, incinerator and the air sterilizer. The inert gas controllable

heat pipe is imbeded in the heat block to provide emergency cooling when

the temperature reaches 1300°F. The heat pipe has the capability of
rejecting 100 to 800 Btu/hr within the temperature range of 1300 to 1380°F,
The component definition diagram for the high temperature heat source is
shown in Figure 3.18.

Component 180 Heat Block

The heat block serves to distribute thermal energy from the radioisotope
to the various components including the heat pipe, pyrolysis units,
incinerator, and air sterilizer. The heat block assembly, simulated by
subroutine THERML, is comprised of three principal components, the radio-
isotope heater, the heat block, and the insulation jacket. The radioiso-
tope heater located in the middle of the heat block generates the thermil
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Table 3.8
GPOLY LOGIC FOR THE COOLING LOOP

Otder of Solution: 1, 9, 2, 3, to Potable Water Storage, from Potable Water Storage to 5, 6, 10, 8

Component 2, Tee to Water Heater
Subroutine: SPLIT

GPOL¥L T APOLYL LOGHE—FOR COBLING HOOP—— —— —
c
Table 11 is read to determine quantity and c COMPONENT 2 FLOW SPLIT TO WATER HEATER

type of water flow for component 9k.

1F(HCOOL,GS,c. 3130 TA 2000

If chilled water 1s required from component R(65)80,0

94 the coolant flow is directed to that S Gt _ L
component. If warm water is required from R{65)m1,) '

component 94, ccolant flow is bypassed to CALL SV(1,2,5,65)

¥ [] —

component 118 and then to component 93, — =D
the other heat exchanger which now serves .

as the water cooler. When component 9U

serves as the water heater, heating fluild e e — —
flow is directed to component 3, and to '
the heat exchanger from the low temperature
beating loop at component 120.

The heating fluid is returned to the low
temperature heating loop by diverting flow .50

LY

at component 5 to the secondary side. 2 CON ” I
This leads to the heating loop.
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energy required for the incineration, air sterilization, and pyrolysis
processes. The insulation jacket, a double walled vessel with the evac—
uated space between the walls containing high tempereture multifoll
insulation, contalns the heat bleck and other purifier components and
serves the functicn of minimizing heat loss from the purifier assembly

to the environment. The heat block in the purifier assembly provides

heat conduction to the purifier components and also serves as the position.
ing and holding fixture for the components within the insulation- jacket.

A schematic of the heat block, showing the relative locations of the
components is shown in Figure 3.19. The corresponding nodal network is
shovn in Figure 3.20.

Heat transfer from the heat block is calculated for the individual components.
The heat loss velues are then entered inte the nodal network prior to
calculation of the resultant nodal temperatures. The GPOLY logic required

to perform this operation is shown in Table 3.9.

Component 181 Heat Pipe

An inert gas controllable heat pipe is used as an emergency heat rejection
system for thé high temperature isctope for a wide range of heat loads.
The evaporator section of fhe heat pipe is imbeded into the heat block.

If the temperature of the heat block reaches to a predetermined value,
corresponding to the phase change pressure of the sodium vapor working
fluid, heat is absorbed, and a phase change from liquid to vapor takes
place. Due to the rise in temperature, pressure increaszes; this causes
vapor to flow to the condenser region of the pipe where the process is
reversed and heat is rejected. Very small tempefature drops are coupled
with the transfer of large quantities of heat in the phase change from
liquid to vapor to liquid. This property provides the capabity for trans-
porting large quantities of thermal energy in a near-isothermal system.
Following condensation, the cycle is completed with the return of the liquid

to the vaporator region,
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Table 3.9

GPOLY LOGIC FOR THE HIGH TEMPERATURE HEAT SOURCE

Order of Solution - From Cooling Loop, 180, 181, to Low Temperature Heat loop

Component 180 Heat Block
GPOLY1

Enter into the heat block thermal network all
heat loss terms to the heat pipe components

R(88) is heat loss to heat pipe

R{(90}, R{91), R{92) are the heat loss terms

to the pyrolysis units

R(93) is the heat loss term to the incinerator

e AN [
Tﬂ& saT\HaﬁT, LU K INTERFACES

HEAT LOSS T0 KEAT P!PE
--R{ 88 1ee¥ V{181 ,75)
‘HEAT LOSS T0 AlR STERIL!ZER
R(APINYVIR2I,RFI0( 'yVIRE148)0VV (25,80} Y (VVL( 5!10'!
B AR A F TN NARAR T I AT 1 IRAARART 1 A RA-Xad A
MEBAY LOSS TO PYROLYSIS UNIT NOL
R{90)ee72,0
—HEAT LOSSTO-PYROLYSIS UNIT NO2—
R{RLIBR{90)
HEAY Lgas 10 PYROLYS:S UNST NOJ

O — o o et

S — e e

s R, T Y

or LR TS s Formiyop Tt B ey L AT LA TR R e 4 TS w0

§— WAL OSE-TO-PINCINERATOR - - -

RESIIeoVV (2L ,06)
580 CONTINUE

Component 181 Heat Pipe
GPOLY1

The heat pipe interface temperature is deter-
mined from the heat block.

AFAN- gNEy  $83) GO 10 184
SET INTERFACE TEMP WEAT BLOCK IO HEAT PIFE
Riﬁﬁ}! VVISQQ(?O’
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1




A G189A library heat pipe subroutine was not available, therefore, a new
subroutine was written. The subroutine documentation, which includes mass
and thermal balances and a discussion of subroutine operation is included

in Appendix A.
Successful heat pipe subroutine operation requires that a heat source

temperature, corresponding to a heat block node temperature, be made
availaeble to it. The GPOLY logic for this operation is noted in Table 3.9,
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Section 4

CORRELATION OF EXPERIMENTAL AND ANALYTICAL DATA

The procedure used in correlating experimental data from tests of individual

RITE system components with G189A program computed data from corresponding

analytical models generally consisted of the following steps:

1.

General Electric test data in Reference 1, provided in letter

form, or provided informally were reviewed.

Component descriptive data and drawings in Reference 1 were

reviewed.

Component heat transfer parameters were computed from the data

in items 1. end 2. For example, heat exchanger overall conductances,
UA, and effectivenesses were computed from experimental temperature
profiles and component thermal masses were computed from dimensicnal,

density, and specific heat data.

Component parameters and boundary conditions were specified as

input data and computer runs were obtained.

Discrepancies between experimental data and computed dsta were
reconciled in terms of modifications to the component parameter

data.

These modifications were made and additional computer runs were
obtained. This iterative process was continued until satisfactory

correlation was achieved.

Discussions of the correlations for individual components and the correlative

deta for these components now follows.
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4,1 Pyrolysis Units

The pyrolysis unit consists of a regenerative heat exchanger and a catalytie
‘bed containing ruthenium catalyst. The unit was simulated using the ANYHX
and CATBRN subroutines. The output data correlation was based on steady
state heat transfer tests performed by General Electric on one pyrolysis
unit. Thermccouples were attached at five locations as designated by C13,
cik, B4, B5, and B6 on Figure 4.1. Figure L.l shows the resulting temp-
eratures at these 5 locations for both the test and the RITE simulation.

As seen from Figure l.1 the ANYHX and CATERN subroutines provide inlet and
outlet temperatures which can be directly campared with the test data. The
vapor flow as 0,807 1b/hr and the inlet temperature was 200°F.

The vapor temperature increased to 1180°F in the regenerative heat exchanger.
The temperature further increased to 1240°F in the catalyst bed. The heat
added in the catalyst bed wes provided by the heat block. The computed
outlet temperature was somewhat lower than the experimental data. This
discrepancy is in the direction expected since the thermocouple was attached
on the outside of the outlet pipe rather then being installed in the gas

stream,

4.2 Air Sterilizer

A transient heat transfer test was performed by General Electric on the air
sterilizer. The normal commode use has been assumed to require S minutes

per event., To simulate a worst case, the sterilizer was operated for 10
minutes. This represents two successive uses. The transient test dats for
the thermocouples located in the sterilization chamber and at the inlets

and outlets for the counterflow regenerative heat exchanger are shown on
Figures 4.2 and 4.3, The test was started with no flow and the sterilization
chamber at 1280°F. A constant flow of 17 Std Cfmn was then imposed for the

10 minute period.

The air sterilizer was simulated using the thermal analyzer subroutine THERML.
Figure 4.4 shows the thermal model for the air sterilizer. Figures 4.2 and
4.3 also show the computed temperature data corresponding to the experimental
date. Thermocouples 1 and 2 on Figure 4.2 mre considered to be attached to

the air sterilizer structure in the vicinity of gas nodes 10 and 9, respectively.
4.2
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Similarly thermocouples 3 and 4 on Figure 4.3 are related to ges nodes
8 and 12 respectively. The gas nodes should be.cooler than the nearby
thermocouples when the blower is on since heat is being transferred to
the gas. This is seen to be the case on Figure 4.2 and 4.3 . The
correlation for the cése when the blower is on is considered to he
satisfactory in terms of the agreement between experimental and computed
temperatures and also in terms of the amount of energy removed from the
heat block.

When the blower is off the amount of heat removed from the heat block is
far less than when the blower is on. With the blower off heat is only
conducted axially in the air sterilizer uufer shell away from the heat
block., The heat is then transferred from this outer shell through an
insulation blanket to the locel enviromment. This heat is far less than
the asmount removed by blowing air through the air sterilizer.

When the blower is off it is seen from Figure k,2 and 4.3 the temperatures
at thermocouples 1, 2, and 3 rise rather rapidly due to their close proximity
to the heat block. Thermocouple 4 shows the ccoling effect of the ambient

enviromment.

The gas nodes in the thermal model do not have respresentative temperatures
for the nearby thermocouples when the blower is off. During these conditions
gas nodes.T, 8, and 9 go to steady state at the average temperature for the
two metal nodes which each are thermally connected to. (as nodes 10, 11,

and 12 go to the temperature of the surface that each is connected to.
Thermal gradients in the metal nodes in this thermal model are gquite severe

due to the large difference in boundary heating/cooling conditions within

hoT



the heat block and due to ambient conditions. Therefore to accurately
predict individual temperatures, at individual thermocouples with the
blower off would require many more metal nodes than used here and would
require more detailed information concerning the construction of the air

sterilizer and the locations of the thermocouples than has been provided.

The important point is that with the blower on a good correlation has been
achieved and that with the blower off the air sterilizer does not contribute
significantly to the energy balance for the heat block and the detailed

modelling required to obtain good temperature correlations is not justified.

4.3 Heat Pipe
Steady state performance data for the heat pipe have been provided by General
Flectric. The two data points relating heat rejection rate and heat pipe
temperature are shown on Figure 4.5. Thermophysical property data were
specified for the heat pipe subroutine {subroutine HTPIP) used to simulate
this component. These included dimensionel data, heat pipe axial thermal
conductance, condensible fluid and inert gas thermodynamic data, and external
thermal conductance coefficiénts for the evaporator and condenser sections
of the heat pipe. The heat pipe axial thermal conductance and external con-
ductance coefficients were varied so as to achieve the correlation with test
data shown in Figure 4.5. The heat pipe date is included in the RITE simula-
tion Input Data of Appendix B.

Figure 4.5 clearly illustrates the three operational modes of the heat pipe.
The control range of the heat pipe encompasses a temperature range of 1303
to 1380°F. 1In this range the heat rejection rate varies between 100 BIU/hr
and 790 Btu/hr. Below 1303°F the heat pipe behaves like a fin and heat is
rejected by conduction along the pipe and natural convection to the air.

At temperatures greater than 1380°F, the condenser section of the heat pipe
is at a meximum area and increased heat rejection rate is possible only by

increasing the total heat pipe temperature.
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4,4 Heat Block

The heat block was simulated using the thermal analyzer subroutine THERML.
Transient heating curves for the heat block were obtained by General Electrie,.
(Reference 1) Different input power levels to the electricsl heater mounted
in the heat block were supplied. Figure h.6 shows experimental data and

the computed data obtained from the G189A program model for the heat block
for a heating condition. Temperature variations within the heat block are
quite small; indicative of good heat trensfer by conduction within the heat
block. Figure L.T7 shows the nodal network for the heat block. The thermal
mass for the heat block was basically distributed at nodes which interface
with the components which are installed in the heat block: pyrolysis units,
air sterilizer, heater, incinerator, and heat pipe. The thermal conductances
which interconnect these nodes have large values. This is in keeping with
the good conduction heat paths provided in the heat block. Each temperature
profile shown on Figure 4.6 is therefore essentialiy the temperature through-
out the heat block in the vicinities of the installed components. The
computed temperature profile was obtained for L20 watts heater power rather
than for the experimental power levels since that is essentially the power
level that is currently used. Because of the consistency of the experimental
and computed data, it was considered that the correlation was adequately
demonstrated without obtaining computed data for either or both of the

experimental power levels.

4.5 Low Temperature Isotope Heater, Evaporator, and Condenser

Experimental data used in the correlation studies for these components were
obtained during the 180 day test of the complete RITE system. As such the
data ere representative of normal operating conditions for the system. The
computed data from the G189A program models for the components were generated
by setting boundary value data and then obtaining steady state computer runs
for the individual components. In the case of the evaporator and condenser
the two components were coupled for these computer runs by the flow of

steam from the evaporator to the pyrolysis units and then to the condenser.
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The boundary conditions specified were the heating or cooling fluid temp-
eratures and flow rates at the component inlets. The comparative data from
the 180 day test and the computer runs are presented in Table 4,1 . It is
seen that there is generally good agreement between the experimental data
and the computed data. The computed condenser steam inlet temperature is
seen to be about 10°F less than the experimental value. This is due to
modelling the duct supplying the steam tc the condenser such that excessive
heat transfer from the ducted steam to the environment occurs. This simu-
. lation detail is considered to be relatively unimportant in the totel simu-

lation and has only recently been corrected.

The steam temperature into the condenser is higher than the steam temperature
out of the evaporator due to the heat added in the pyrolysis units. Likewise
the increase in steam flow into the condenser compared to the steam flow

out of the evaporator is due to water generstion in the pyrolysis units.

The analytical modeling and the data correlation performed on the key RITE
system components provide assurance that the model is able to predict com-
ponent performeance for the coperating condition to be studied. These components
can now be combined with remaining components of their loop and loop performance
can be investigated. Finally, the analytical models for each of the loops are

combined for complete RITE system operation.
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Tgble k.1

CORRELATIONS FROM COMPLETE SYSTEM OPERATION

Note: N/A = Not Available

Low Temperature Isctope Heater

Power level (Btu/hr)

Isctope Temperature {(°F)
Inlet Fluid Temperature {°F)
ODutlet Fluid Temperature (°F)

Evaporator

Heating fluid inlet temperature, °F
Heating fluid outlet temperature, °F
Wall temperature, °F

Liguid temperature, °F

Gaseous outlet temperature, °F
Evaporation rate, lb/hr

NH. generation rate, 1b/hr x 10~
CO- generation rate, 1b/hr x 10
Hedt loss to surroundings
Pressure, psisa

3
3

Condenser

Coolant inlet temperature, °F
Coolant outlet temperature, °F
Steam into condenser temperature, °F
Steam into condenser flow, lb/hr
Condensation rate, 1b/hr

Efficiency, water recovery, %

Steam vented, 1lb/hr

Condensate wall temperature
Condensate temperature

Condenser pressure

GE Data

5120
640
179
185

181.
123
116
105
105
2.3
N/A
H/A
/A
1.016

32

7
127
2.3
2.277
98+
.023
T75-82
N/A
N/A

G-189 Data

5120
640
179
185.11

181.2
123.03
115.55
105.63
105.6
2.36
L. 62
5.98
115.55
1.12

35
L8.3
126.7
2.367
2,332
98+
.035
75.k
55.6
.63



Section 5

CHARACTERISTICS COF THE RITE SYSTEM

The results of the G189-A simulation of the RITE system for the nominal RITE

180_day test conditions are presented in this section.

Pirst, the simulation system performance averaged over a 2h-hour period

is denoted and compared with General Electric 180-day test data.
Performance data are presented for each of the RITE subsystems. The transient
effects caused by periodic micturition and defecation are then discussed.
Finally the operational envelope of the RITE is developed. The operaticnal
envelope yields the potential performance of the RITE system when

operated at various off-design conditions.

5.1 RITE System Performance Charscteristics

A computer run was made to simulate the nominal RITE operational conditions
as reported in the General Electric RITE 180-day endurance test. The per-

formance date for each of the system components was mversged over a 2h-hour
period. The results are presented in terms of mass and energy balance dia-
grams for each of the subsystems and detail component data are presented in

table form.

5.1.1 Low Temperature Heating Loop

The low temperature heating loop supplies heating fluid (water) to the evapor-
ator, water storage tanks, flush water tank, hot water hester and the air
hester. The energy and mass balance diagram for the loop are shown in

Figure 5.1. Detail component data are then given in Table 5.1 along with

comparative GE test results when available,
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TABLE 5.1

RITE SYSTEM CHARACTERISITCS

LOW TEMPERATURE HEATING LOOP

NOTE:

Component
Number Component
100 Radioisotope Heater
Heater Power Level
Isotope Temperature (°F)
Outlet Fluid Temperature (°F)
Heaet loss to tank and environ-
ment {Btu/hr)
Flow Rate (1b/hr)
104,105  pumps
Type
Pump Power (watts)
108 Split to Evaporstor
Flowrate (1b/hr)
109, 110 Evaporator Liquid Control Valve
Control Temperature
Bypass on Temperature (°F)
Bypass off Temperature (°F)
Coolant Outlet Temperature {°F)
112, 113, ©Splits to Potable Water Storage Tanks
114, 115,
116
Flowrate to Fach Tank (1b/hr)
Average Outlet Temperatures (°F)
117 Split to Water Heater
Flowrate (1b/hr)
121 Split to Air Heater

Flowrate (1b/hr)

5.3

N/A = Not Available
G~1894
Data G.E. Test Data

5120.0 5120.0
640.0 640,0
185.11 185.0
1760.0 N/A
603.0 N/A
Centrifugal
Series 400 Dynapump
9.1 N/A
Lho.6 N/A

Evaporator Steam Outlet

105
104
123.3

Th.08
182

70‘0

T0.0

105
104
123

N/A
N/A

N/A

/A



TABLE 5.1 (cont)

Component G-189A G.E. Test
Number Component Data Data
124 Warm Flush Water Tank Controller
Flowrate (1lb/hr) 50 N/ A
Control Temperature (°F) Tank fluid
Bypass - on (°F) 96 96
Bypass ~ off {°F) gk ol
Outlet Temperature (°F) 18k N/A
135 Emergency Coolant Supply
Flowrate (1b/hr)} 60 N/A
Temperature (°F)} 80 80

136,139 Emergency Heat Exchanger Controller

Control Temperature Isotope Coolant Outlet
Flow-on Temperature (°F)} 190 190

137 Emergency Heat Exchanger

Flowrate (lb/hr) 603 N/A

Effective UA (Btu/hr-°F) 16.0 H/A

Outlet Temperature {°F) 179 179
41 Flush Water Tank

Tank Capacity (1b) ko.o L0.0

Heat Exchanger UA {Btu/hr-°F) 3.0 N/A

LTHL Inlet Temperature (°F) 185 N/A

LTHL Outlet Temperature (°F) 184 N/A

Tank Outlet Temperature (°F) 98 N/A
Ly Pump

Type Centrifugsel

Pump Power (watts) 1.0k N/A
51 Condensate Water Supply Tee

Flowrate (1b/hr) .83k N/A

Temperature {°F) TO.0h N/A

Sth



TABLE 5.1 {cont)

ATR LOOP (CONDITIONS FOR MICTURTTION)

Component G-189A G.E.Test
Number Component Data Dats
21 Urine - Air Supply
Urea Flow Rate (1b/hr) .392 N/A
Urine Solids Flow Rate (1b/hr) 2 N/A
Urine Water Flow Rate (1b/hr) 13.2 N/A
Urine Temperature (°F) ' 98.6 N/A
22 Flush Water Supply Tee
Water Flow (1b/hr) 20.0 N/A
Water Temperature (°F) 98.0 N/A
2h Air BRlower .
Type AMETEC Model No. E-L698-1F
15 v. 60 cy. N/A
Fan Power (watts) 167.98 N/A
Flowrate {1lb/hr) 56.0 N/A
25 Air Sterilizer
Flowrate (1b/hr) 56.0 N/A
Inlet Temperature (°F) 98,6 N/A
Outlet Temperature (°F) 362.8 N/A
Heat Input {(Btu/hr) 36Th.0 N/A
Heat lost to Environment (Btu/hr} oh.5 N/A
VAPOR LOOP
210 Evaporsator
Heating fluid inlet temperature (°F) 181.2 181.
Heating fluid outlet temperature (°F) 123.03 123
Wall temperature (°F} 115.55 116
Liquid temperature (°F) 105.63 105
Gasecus outlet temperature (°F) 105.6 105
Evaporation rate (lb/hr) -3 2.3615 2.3
NE, generation rate (1b/hr X10_3) h62 N/
CO- generation rate (lb/hr-X10 ~) 5,08 N/A
Hefit loss to surroundings (Btu/hr) 115.55 N/A
Pressure (psia) 1.085 1.016

5.5



TABLE 5.1 (continued)

Component G-1894
Number Component Data
223, 224 Pyrolysis Units {includes integrated
226 heat excnanger)
Inlet temperature 105.63
Outlet temperature -6 172.3
NO, flowing out (lb/hr-X10.") 5.96
NO" flowing out (1b/hr-X10 _g T.77
Co, flowing out (1b/hr-X10g~) 9.45
H,"floving out (1b/hr-X10_,) 1.12
0, flowing out (lb/hr—XlO_S) 1.29
N2 flowing out (1b/hr-X10 ) 3.8
H&at transferred from heat block (Btu/hr) 206
Pyrolysis unit temperature (°F) 1259.7
237 Condenser
Coolant inlet temperature °F 35
Coolant outlet temperature °F L8.3
Steem into condenser tempersture °F 126.7
Steam into condenser flow 1b/hr 2.3615
Condensation rate 1b/hr 2.3354
Efficiency, water recovery % 99
Steam vented 1b/hr .0261
Condensate wall temperature 75.4
Condensate temperature 55.6
Condenser pressure .63
COOLING LOOP
1 Coolant Supply
Flowrate (1b/hr) 280.0
Coolant temperature (°F) 32.0
gl Water Cooler
Coolant flowrate (1b/hr) 21.28
Coolant input temperature (°F) 35.0
238 Condenser Cooling
Flowrate (1b/hr) 258
Inlet Temperature (°F) 35°F
Outlet Temperature (°F) L8
10 Return Flow Tee
Flowrate (1b/hr) 280
Temperature (°F) b7

5.6

G.E.
Test Data

125
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
1200

32

kT
127
2.3
2.277

.023
75-82
N/A
N/A

280.0
32.0

N/A
N/A

258.72

35.0
48.0

N/A
N/A



TABLE 5.1 {continued)

POTABLE WATER STORAGE SYSTEM

Average Inlet Flow (1b/hr)

Inlet Flow Temperature (°F)

Tank Capacity (gal)

Liquid Temperature (°F)

Tank Wall Temperature (°F)

Heat Loss to Environment (Btu/hr)
Heating Fluid Inlet Flow (1b/hr)
Heating Fluid Inlet Temperature (°F)
Heat Fluid Exit Temp. (°F)

Heat Input {Btu/hr)

Component
Bumber Component
83, 8u, Storage Tanks
86, 87, :
90
99 Pump

Average Inlet Flow (1b/hr)
Pump Power (watt)

2.7

G-180A
Data

22h
25

150.25
148.15
200.0
70.08
185.
182.41
200.0

G.E,

Test Data

N/A
N/A

N/A
1k5.0
N/A
N/A
N/A
N/A
N/A

N/A
N/A



Approximately 5120 Btu/hr enter the loop through the isotope and electrical
heaters. The evaporator requires 2468 Btu/hr; 220 Btu/hr are required by
each of the potable water storage tanks; approximately another 100 Btu/hr
are required by the flush tank and water and air heaters. The specific heat
consumption rate of the tanks and air heater depend on the £i1l end drain
schedule for the operational mode in use at the time. The results noted

in the Figure represent 2h-hour averaged values during nominal 180-day

test conditions. The remaining heat is lost to the cabin environment from
heat leaks in the lines, tanks, evaporator wells, and to the isotope shield
tank.

5.1.2 Flush Water Loop

The mass and energy balance disgram for the flush water loop is shown in
Figure 5.2. The loop delivers flush water upon demand to the urinal, trash
shredder and the blender. The flush water flow rates are given in the
figure. Water for the flush water loop is collected from the Envirommental
Control System condensate and stored in the warm flush water tenk. The
water is heated to 98°F by internal tank coils through which LTHL fluid is
pumped. Temperature control is accomplished by a heating fluid bypass

controller.

5.1.3 Air Loop

The air loop directs flush water and drying air to the urinel during mictu-
rition. The micturition schedule is shown in Figure 5.6. The liquids are
separated and directed to the evaporator while the exhaust air is sterilized
in the air sterilizer. As the air passes through the sterilizer over

3600 Btu/hr are removed from the heat block. The alr returns to the cabin

at a temperature of over 360°F. The air loop mass and energy balance is
shown in Figure 5.3.
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5.1.4 Vapor Loop

The vapor loop purifies the waste water to potable water by an
evaporation/condensation phase change process. The loop is comprised of

‘five prineipal components, the evaporator, the three pyrolysis units and the
condenser. The evaporator collects all the solid wastes and water, removes

the solids by filtration and evaporates the water. The energy used in

evaporating the liquid is transferred from the heating fluid supplied by the LTHL.
The pyrolysis units neutralize any gases generated in the evaporator by oxidation
at high-temperature. The vapor flow is condensed in the condenser

and the gasses are vented to vacuum.

The mass and heat balance for the vapor loop is shown in Figure 5. k4.

Over 96% poteble water recovery is achieved. The sources of water loss

are the condenser vent and water absorbed by the solids and removed by the
solids pump to the incinerator. A chemical analysis of the gas reaction
processes occurring in the vapor loop was attempted in order to reproduce
the identicael gas mass ratio reported by G.E. in their condenser vent gas
analysis. The types and mass ratiocs of the output vent gases were reported
by G.E. in Reference 1 andare repeated in Table 5.2, In order to reproduce
the gas mass properties reported by G.E. it was postulated that there had
most likely been a Bosch reaction in the pyrolysis unit. In this reaction
hydrogen combines with carbon dioxide yielding carbon and water vapor. The
possibility exists that the carbon is deposited in the catalyst and after
a period of time reduces the effectiveness of the pyrolysis units. Due

to the importance of water conservation and the complex nature of the
processes taking place in this loop the mass balance will be discussed in

detail. The chemical reactions and the resulting product generation rates

taking plaece in the vapor loop are shown in detail in Figure 3.5.

5,1.4.1 Flow Input to the Vapor Loop

The vapor loop collects and processes wastes for a four-man crew for a
180-day simulated spacecraft mission. The quantities of solid and liguid
wastes proceséed per day are summarized below:

{
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Table 5.2

PYROLYSIS VENT GAS ANALYSIS

Note: Data are from Reference 1

PERCENT PERCENT FLOW RATES
COMPONENTS (WATER FREE) (LESS WATER AND ARGON) CONDENSER VENT
{1b/hr)
02 12,2 12.6 6.h56*1o'h
N, 81.9 8k.6 3.7941#1073
co, 1.3 1.3h 9.46*10™°
NO .5 .53 1.985h*10'5
§o,, .2 .2 1.52%107°
H T 73 2.3%1078
. . . .
Ar 3.2
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(a) Feces: 1.2 pounds per day for 4 defecations

LY

{b) Urine: 14.0 pounds per day from approximately 2k micturitioms.

{c) Respiration and Perspiration: 20.0 pounds per day at & con-

tinuous flov rete from the environmental control system.
(d) Wash Water: 2.0 pounds per day.

(e) Trash: 1.2 pounds per day - food, packets, wipes, and paper.

The wastes enter the evaporator from the solids loop and the eir loop.

The time sequence in-which these products are input to the evaporator is

shown in Figures 5.6 to 5.8 for the urine, feces, and trash input respectively.
Micturition occurs once per hour and the selids input occur an average of once

 per six hours.

5.1.4.2 Evaporator Operation

The evaporator collects a8ll solids and liquids that constitute waste,
centrifugally separates the solids from the liguid, and evaporates the
liguid. Some of the urea solids in the evaporator decomposes into

ammonia and carbon dioxide and areAventéd with the water vapor.

Filtration

»

The pumping action of the impeller in the evaporator provides the means

for the eireulation of the liguid slurry thru an external perforated metel
filter. The waste solids collect in the filter. When the filter (defined
as the solids reservoir) fills with solidé, the solids pump moves the solids
to the incineratbr° The filtration rate of the solids is proportionel to

solids concentration in the mixture.

As shown in Fig. 5.5, half of the urea that flows into the evaporator and

all of the remaining solids that constitute the influent are assumed to be
removed by the filter. For each pound of solids removed, approximately
1.17 pounds of water is also removed from the reservoir through filtration. This
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water is added to the total solids in the reservoir and is also transferred
to the incinerator. This represents a serious water loss to the system. A
detailed discussion of the filtration process is included in the EVAP

subroutine writeup.

Decomposition of Urea

The remaining urea is asssumed to decompose biochemically/chemically
generating NH3 and COE' Urine contains & certain amount (v 50 mg/2) of
ammonium carbonete/bicarbonate which will liberate ammonia and carbon
dioxide when it is vaporized. In addition, urea which 1s the principal
component of urine {~ 28000 mg/f ) may decompose thermally when the temp-
erature is above 150°F to yield NH3 and COE' Urea also decomposes in the presence
of the enzyme urease which is provided from bacteria derived from the
feces. Once the bacteria is introduced it will multiply while decomposing
most of the urea within 12 to 48 hours. Since no germicidal chemicals

are sdded to the evaporator it is assumed that biochemical deccmposition of
urea will occur. The urea decomposes to NH3 and CO2 sccording to the

following reaction.

UREASE
HENCONHE + HE‘O —_— ENH3 + COE

Since the bacterial decomposition of urea was assumed to be at 0.008167 1bv/hr,
the ammonia generation rate was 0.00L625 1b/hr end the carbon dioxide
generation rate was 0.00594  1b/hr.

Yaporization of Water

The nominal design point steady state vaporization of water is 2.3 1b/hr at
8 vapor temperature of 105°F and vepor pressure of 1.1 psia. The Corresponding.
wall temperature is 115°F. A detail discussion of the evaporation heat

transfer characteristics is included in the EVAP subroutine writeup.
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5.1.4.3 Pyrolysis Unit
The pyrolysis units initislly disassociate the ammonia to yield nitrogen
and hydrogen

- - +
2NH3—-—’-N2 3H2

The product generation rates are given in Figure 5.5.

Oxygen is added to the vapor stream, upstream of the pyrolysis units, to
oxidize the hydrogen to prevent ammonia from reforming. The oxygen

flow to the vapor loop is determined by measuring the pH of the condensate
in the condenser, where a basic solution would . require an increase in O2
flow to the vapor stresm while an acidic sclution would result in the
decrease of 02 flow to the vapor stream. The philosophy supporting the
forementioned approach for 02 flow control is that excess 02 generates
excess NCy gasses in the pyrolysis units yilelding an acidic condensate while
insufficient 02 in the vapor stream.causes nitrogen and hydrogen to reform
causing the condensate to be basic. A balance of emmonia and nitrates/
pitrites yields a neutral soclution; but, possibly an unscceptable solution due
to & high level of nitrate/nitrite salts in the condensate. The water
analysis results presented in Reference 1, indicate the existance

of nitrate/nitrite salts in the product and the possibility of a problem in

this area.

The presence of hydrogen, carbon dioxide, high temperature { ~ 1250°F),

and a catalyst in the pyrolysis unit yields an ideal condition for a BOSCH
reaction. 1In the BOSCH process, carbon dioxide is hydrogenated to water
gnd carbon sccording to the reaction

002 + 2H2—-e—C + 2 H20 + heat
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The water is recovered in the condenser while the carbon is unaccounted
for. It is assumed that the carbon is deposited in the pyrolysis

units, thus degrading the operation of the pyrolysis units. The rate of
carbon deposition may be derived from the difference between 002 generated

in the evaporator and the 002 vent rated from the condenser.

The remaining hydrogen (99.95%) that is not reacted in the BOSCH process

is reacted with oxygen to generate more water as follows:

2 Hg + 02-——1-2 H20 + Hest

The excess oxygen reacts with nitrogen to form KO and H02 gasses as follows:

2N2+ 302——--2NOE+ 2 NO

The product generation rates for all these processes are noted in Figure 5.5.

5.1.4.4 Condenser

The condenser is the final component in the vapor loop. There the non-
condensable gases are vented and the vapor is condensed. The condensation
rate in the condenser was calculated to be 2.260 lb/hr and since the
original water input to the system was 2.357 1b/br the overall conversion

efficiency is 96 percent.

£.1.5 Cooling Loop

The cooling loop provides the coolant flow to the condenser and the water
cooler. Approximately 2489 Btu/hr is sdded at the condenser increasing the

coolant temperature from 35°F to W7°F. The loop schematic is shown in

Figure 5.9.
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5.1.6 Potable Water Loop

The potable water loop collects and stores purified water from the con-
denser. The system also distributes hot and cold water as required by
users. A heat valance for & typical tank is shown in Figure 5-10. Approxi-
mately 210 Btu/hr are used to heat the water.

5.2 Transient Behavior

The G-189A model of the RITE system has been used to predict the performence
for several transient events which ccecur during normal RITE operation. These

events are micturition, defecation snd incineration.

5.2.1 Micturition

During micturition a slug of urine and flush water mixture suddenly enters
the evaporator. The input schedule is shown in Figure 5.6. Urine is
assumed to enter the evaporator at a body temperature of 98.6°F. The
flush water is heated to 99 + 1°F in the flush tank prior to use. Urinal
drying air is them blown through the air loop to the air sterilizer and

returned to the cabin.

The response of the evaporator to the sudden entry of liquid is shown in
Figures 5.11 and 5.12. The input liquid drops the average tempersature of
the slurry approximastely 2°F. Since some of the heat is diverted into
heating the liquid the evaporation rate drops from 2.3 lbs/hr to a minimum
of 2.15 lb/hr. The pressure in the evaporator drops to the saturation
pressure at that temperature. Since the temperature of the input 1ligquigd
is close to that of the liquid in the evaporator the transient effects are

minimal and disappear rapidly once the input flows cease.

The response of the heat block to the sudden surge of urinal air is shown
in Figure 5.13. The temperature of the heat block node associated with the
air sterilizer drops rapidly. The remaining nodes show only a small temp-
erature drop due to the large thermal capacity of the heat bloeck. This
irdicates that the operation of the incinerator and pyrolysis units are not

Jeopardized while the air sterilizer is being used.

5.23



Water Input
T = 60°F
v = 2.2k 1b/hr

w = T0 1b/hr
T = 185°%
LTHL
Fluid
: Flow
W w= T0 1b/hr
T = 182,4°F
Ql g = 200 Btu/hy )J"S\fw 1e2
- 108 - Q=210 Btu/hr

Output Flow
v = 2,2k 1b/hr
T = 150°F

FIGURE 5.10 TYPICAL POTABLE WATER STORAGE TANK

5.2k



GinY LALE

EVAPORATION RATE(LB/HR]

4-0

3.5

3.0

RITE SYSTEM

SERIBL ABY299

2.5 ———

1.5

1.0

0.0

.........

.04

.06

.08

MISSION TIME - HOURS

.10

FIGURE 5.11 EVAPORATOR EVAPORATIOK RATE DURING MICTURITION

5.25



ol |

132.

128.

124.

120.

116.

112,

108.

100.

SERITAL AB9299

RITE SYSTEM

.........

.........

o VAPOR TEMP.

.04

. 06

.08

MISSION TIME - HOURS
x WALL  TEMP. (DEG-F)

(DEG-F}

FIGURE 5.12 EVAPORATOR TEMPERATURE RESPONSE TO MICTURITION

5.26



Giry CanL 1

HEAT BLOCK TEMPERATURES (DEG-F)

1300.

12735.

1250.

1223.

1200.

1175.

1150.

1125.

1100.

YSTEM

SERTAL KB9299

RITE S

o ISOTOPE TEMPERATURE

MISSION
«x NODE WITH AIR STER.

04

.08

TIME -

.08

HOURS

FIGURE 5.13 HEAT BLOCK TEMPERATURE RESPONSE TO MICTURITION

5.27



5.2.2 Defecation

During defecation, the normal low pressure operation of the evaporator is
interrupted. The evaporator is exposed to cabin étmosphere and the output
line is diverted to the air loop. Feces and flush water enter the evaporator
through the blender. A stream of drying air is then blown from the blender,
through the evaporator to the air loop and returned via the air sterilizer
back to th§ cabin. During this time any liquid which is vaporized is lost

to the c¢abin with the air stream. The vapor will then most likely be
collected by the cabin's enviromnmental control system and returned to the
evaporator by way of the flush waterlloop.

' |
The response of the RITE system to the disturbance caused by defecation is

shown in Figures 5.14 and 5.15. The water recovery rate 'drops to zero since
all vaporized liquid is returned to the cabin.

The evaporator temperature increases to 106°F since at the higher pressure
boiling does not occur and the heat from the LTHL is used to heat the fiuid,
The temperature increase of the evaporator is limited to 105°F by the LTHL
bypass controller which bypasses fluid around the evaporator when this temp-

erature is reached.

The temperature response of. the air sterilizer due to the sudden influx of
the air (~37 cfm) is shown in Figure 5.16.

%.2.3 Incineraticn

The liquid-solid slurry in the evaporator is continuously being pumped through
a circular metal screen filter. The solids remain behind and the liquid is
returned to the evaporator. Periodically, an air driven piston compresses

the solid concentrate inside the filter. The compressed solids are a sixty-
forty mixture of solids and liquid. When the filter is full (0.5 1bs) the
solide concentrate is tranfferred mechanically to the incinerator.
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The solid waste is processed by vacuum drying, chemical decomposition at
high temperature, and venting of resultant gasses. The temperature of the

vented wastes of the incinerator sre plotted in Figure 5.17.

During vecuum drying, heat from the heat block is used to evaporate the
liquid. The vapor then flows to space through the open vent. Approxi-
mately 95% of the liquid is removed in the two hour drying peried.

In the next step the vent to vacuum is closed and a small smount of oxygen
is introduced with the solids and the oxidation reaction proceeds. Since
the reactions are exothermic, there is a sudden rise in temperature. The
chemical reactions are described in detail in the INCIN subroutine docu-
mentatioﬁ contained in Appendix A. The product gasses are then vented to
vacuum., The oxygen cycle is repeated until all the soliﬁs are incinerated.
Approximately fourteen cycles are needed for full incineration. At the end
of the cycle, the remaining ash is blown out by a nitrogen purge and stored
in an ash collector. The volume of the remsining ash is only 1% of the

original solid waste volume.

5.3 RITE System Operational Envelope

The RITE system operational envelope as generated by G-1894 computer simulation
is shown in Figure 5.18. The figure shows the variation in-performance of

the current RITE configuration as the boundary conditions, evaporstor heat
source temperature and condenser back pressure, are varied. The data shows
excellent correlation with the Generel Electric 180-day run operating test

point.

For any condenser pressure, increasing the LTHL fluid temperature increases
water recovery rate until a vapor flow and temperature is reached vhich is
beyond the condensation capacity of the condenser. The condenser removes
only the sensible heat of the steam and the vapor escapes through the vents

The recovery rate rapidly drops to zero.
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The performance of the RITE system as the condenser back pressure is
varied with constant LTHL temperature is shown in Figures 5.19 and 5,20.
The 180°F LTHL evaporator inlet temperature corresponds to the General
Electric operating point. A pesk condensation or recovery rate is reached
at & condenser pressure of 0.63 psia. Below this pressure the saturation
temperature of the liquid approaches the temperature of the condenser wall
and therefore the condensation rate famlls. The vapor then escapes out

the vent which results in a low conversion efficiency. Increasing the
condenser back pressure increases the condensation efficiency; however,
 the pressure head driving force from the evaporator to the condenser is
reduced resulting in a lower evaporator output. A tradeoff must therefore
be made between recovery efficiency and total recovery rate. The results
indicate that General Elgctric has selected as its operating point the

peak recovery rate and a recovery efficiency greater than 98%.

The evaporator heat input requirements corresponding to the water generation
rates of Figure 5.18 are shown in Figure 5,21, The G.E. instrumentation does
not yield evaporator heat reguirements; however, the heat load generated by
the GLB9A corresponding to the G.E. operating point is noted in the figure.
The 2500 Btu/hr used by the evaporator is less than half of the 5120 Btu/hr
available in the isotope. Assuming that 900 Btu/hr are used to heat the
vater tanks, there is a heat loss to the enviromment of approximately 1500
Btu/hr in the low temperﬁture‘heating lcop. If this heat loss were reduced,
the system water recovery rate of 2.3 1b/hr could be improved by a factor

of 1-1/2 or more, Alternately, if only 2.3 1b/hr were required, the isotope
inventory could be reduced from 1500 watts to 1060 watts.

Figures 5,22 and 5,23 show evaporator vapor temperature and pressure as
a function of e#aporator wall temperatures. The G.E. test point is 105

vapor temperature at 1.1 psia vapor pressure.

e
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Section 6

RITE Simulation Design Applications

Once the basic configuration of the system under study has been simulated by

use of the G-189A Program, the simulation can be used in support of both

detail component design, system design and system integration. Examples of

G-189 program RITE simulation applications to RITE system design analyses and

investigations are listed below:

Effect of Vehicle Equipment Limitations on RITE FPerformance

a. Available vehicle radiator coolant tempefature level and
heat load capability.

b. Amount and temperature level of heat available

¢. Electrical power limitations

d. Oxygen supply limitation

e. Size and dimensional limitations for RITE

Effect of component design on RITE Performance

a. §iffect of RITE component operating temperature levels
b. Thermal effectiveness of evaporator

¢. Thermal effectiveness of condenser

d. Size and efficiency of other components

System Integration

a. Effect of venting gases to cabin

b. Heat loss to cabin

¢. HNuclear safety

d. Timeline for crew activities in water/waste management events
e. Migsion life

f. Controls and instrumentation

Analysis of each of these problems is beyond the scope of this study. Therefore,

to illustrate the simulation design potential, the effects of available cooclant

tempersture on system effectiveness and the study of potential design changes

in the evaporator and condenser were chosen for study.
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6.1 Condenser Coolant Inlet Temperature

The radistor outlet coolant temperatures available to the subsystems aboard
advanced manned vehicles such as Space Shuttle and Sortie Lab will generally
range from 40°F to over 100°F. The current RITE system is operating at a
coolant temperature of 32°F which is clearly optimistic. Since other sub-
systems such as the batteries will make demends for the lower coolant tempera-
tures, it is possible that the lowest coolant temperature available to the RITE
would be in the 50 to 60°F range. .

Figures 6.1, 6.2, and 6.3 detail the operational envelope of the RITE system
for coolant temperatures of 35, L0 and 50°F. The system output is plotted as
functions of evaporator wall temperature, evaporator heating fluid (LTHL heating

fluid) inlet temperature and condenser rressure.

For all coolant temperatures, increasing the LTHL temperature with constant
condenser pressure improved the system output, until & condensation limit is
reached. At a coolant temperature of 50°F and the LTHL temperature of 220°F,
the resultant vepor output temperature of the evaporator was too high for the
condenser to be operational and as A result all the vapor was lost through the

vent.

The system output at the baseline LTHL temperature of 180°F was cross-plotted
in Figure 6.4 to show clearly the effect of condenser coolant temperature. As
the condenser temperature increases the partial pressure of water required for
condensation increase and therefore the total pressure of the condenser must
increase. Increased condenser pressufe, however, limits evaporator ocutput due
to a higher pressure drop or flow resistance in the vapor loop. Therefore,
the optimum cutput of the system as the condenser temperature is increased
from 35 to 40 to 50°F drops from 2.3, to 2.2 and to 2.13 1b/hr. Table 6.1
shows the key system parameters for the three condenser temperatures for the
same eondenéer total pressure of 0.63 paia. In each case the evaporator
ocutput is the same, however, the abllity of the condenser to condense the flow,
which is defined as the system efficiency, drops as condenser temperature
increases., Finally, at 50°F the condenser wall temperature of 83.2°F and

the corresponding water partial pressure of 0.58 psi is too high for effective
condensation.
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KEY SYSTEM PARAMETERS FOR RADTATOR COOLANT TEMPERATURES

TABLE 6.1

OF 35, hQ and S0°F

Condenser Temperature (°F)
System Output {1b/hr)

System Efficiency*

condensation rate
evaporator rate

Condenser Wall Temperature

(°F)

Condenser Total Pressure

(psia)

Partial Pressure of Water

Vapor (psia)

Evaporator Vapor Temp. (°F)
Evaporator Pressure (psia)

Evaporator Heat Input

(Btu/hr)

)

2.3297

35*'

2.301

2.301 .9877

77.629

0.63

0.46
10k4.39
1.085

2hl12

2,207 _

L0

2.207

53007 © .9kT

80.76

0.63

0.51
10k.39

1.085

2L12

50

L B
2.3297

83.3
0.63

0.58
104,39

1.085

2412

G

* Efficiency as defined here does not inelude water losses to the incinerator.

## Current system design point.
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If in future systems the available coolant temperature is 50°F or higher,

the vapor pressure and, fherefore, the totel pressure in the condenser, and

the evaporator LTHL temperature level must all be increased in order to achieve
a system with s specified output of 2.3 1lbs./hr.

6.2 Component Design

The key parameters which control the effectiveness of the system components
are the component operating temperatures, pressures and thermal effectiveness.
The effect of varying these pﬁrameters for the key system components, the

evaporator and condenser, will be investigated in this section.

6.2.1 Evaporator

The computed system output for overall thermal conductahce, UA, values at the
design point value of 92.6 Btu/hr °F and for 75 and 150 Btu/hr-°F are shown
in Figures 6.5, 6.6 and 6.7. Increasing the effectiveness of the evaporator
has the result of increasing the average wall temperature to a point closer to
the LTHL heating fluid inlet temperature. The increased temperature improves
the heat transfer to the evaporator bulk liquid apd increases the evaporator
pressure. The higher pressure in turn provides a larger driving force to

improve vapor throughput.

The output of the RITE system as a function of evaporator UA for the current
design conditions is summarized in Table 6.2. Incressing UA from 92.6 Btu/hr°F,
the design point, to 150 BTU/hr °F results in an increase in wall temperature
from 114.38°F to 116.19°F and an increase in water output from 2.3 1b/hr to
2.42 1b/hr. | '

The evaporator effectiveness can be improved by increasing the overall thermal
conductance, UA, between the heating fluid and the vapor. This can be
accomplished by placing the fluid tubes on the inside in direct contact with
the liguid rather than on the outside wall of the evaporator. Other possi-
bilities include increasing the number of tubes, use of better conducting
materials such as copper, modifying structural dimensions, or increasing

evaporator size.
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TABLE 6,2

SYSTEM QUTPUT FOR EVAPORATOR UA'S OF 75, 92.6

AND 150 BTU/HR °F

Evaporator UA (But/hr °F) 75 92.6%#
System Output (1b/hr)  2.2342 2.301

System Efficiency*

condensation rate 2.2342 2,301
(evaporation rate ) 2.238 -9968 2.3297 <9877

Condenser Motal Pressure

(psia) 0.63 0.63
Evaporator Vapor Temp. (°F) 103.62 10k.39
Evaporator Pressure {psia) 1.0606 1.085
Evaporator Heat Rate (Btu/hr) 231k - 2l

0.63

106.19
1.1k33

2556

¥ Efficiency does not include water loss to the incinerator

*¥% Current design point
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€.2.2 Condenser

The operational envelope for the RITE system with condenser UAs of 117,
150, and 75 Btu/hr°F are shown in Figures 6.8, 6.9 and 6.10. Improving
condenser effectiveness has a similar effect as does decreasing the con-
denser coolant inlet temperature. A lower wall temperature results in a
lower partial pressure for water and therefore & greater condensation rate.
Table 6.3 shows the system output for the three UAs at the system design
point. Increasing UA beyond the design point of 117 results in a small
improvement in efficiency. Decreasing the UA to 75 Btu/hr-°F results in a
wall temperature of B83°F and therefore a partial pressure of vater vapor

higher than that required for condensation.

Improved condenser thermal design can be achieved using techniques similer

to those suggested for the evaporator.

6.3 Design Study Summary

The recent prototype RITE lﬁd—day operation has verified the basic RITE

deglign principles. The RITE system similation was used to test the application
of these principles to various spacecraft applications and under various space-
craft restraints. The design section has shown that the current RITE con-
figuration is able to accommodate water recovery requirements of up to 3.0
1b/hr by increasing LTHL temperatures to 220°F. Higher recovery rates can be
echieved by increasing the UA of the condenser and tke evaporater.

The available condenser coolant temperatures effect the system efficiency

by reducing the condensation rate. Most spacecraft radietor coolant tempera-
tures are in the range of 40°F to 60°F. At these temperatures the recovery
rate drops 10 percent from the value at the prototype operating temperature
of 32°F,
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TABLE 6.3

KEY SYSTEM PARAMETERS FOR CONDENSER UA'S OF

75, 117 AND 150 Btu/hr °F

— ey o o P S o o o e e . e S B Y W T T T e " S

Condenser UA (Btu/hr °F)
System Output (1b/hr)

System Efficiency® -

condensation rate
evaporation rate

Condenser wall temperature,

(°F)

Condenser total pressure
(psia)

Condenser coolant temp—
erature (°F)

e

0.63

35

117%#
2.301
2.301
2,301 _

53557 = 9877

77063

0.63

35

150
2.3175
2.3175

2.3175 _

2.3297 -995

70.36

0,63

35

* Efficiency does not include losses to the incinerator

*# Current system design point
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Section T

FAILURE MODE ANALYSES

One of the more productive applications of the G-189A RITE simulation is to
predict the RITE response to proposed system failures. The failure modes
anslyzed can be divided into two categories. In the first category are
failures vwhich would only result in reduced system efficiency or at worst
system shutdown. The second type of failures have potential impact on

the integrity of the nuclear isotopes end therefore would threaten the

safety of the crew.

Example of the first type of failures include: leakage in the vapor, flush
water or potable water loop; pump failures; leakage or less of flow in coolant
loop, and solids transfer egquipment failures. These fallures can most likely
be repaired in orbit, by resupply, or at worst would result in premature

ending of the mission.

Failures that impact the low temperature nuclear isotope include all failures
which effect the operation of the low temperature heating loop. Faijures which
effect the high temperature isctope capsule include cooling failure or a
feilure which would continucusly add heat to the capsule, The isotope

cooling failure could be the result of the loss of the heat pipe. Continuous
heating of the isotope could result if oxidation of solids in the incinerator

was to occur without periocdic venting of the product gasses.
The failures simulated and discussed in this section are the cooling loop

failure, the incinerator continuous oxidation failure, and the low temperature

heating loop failure.
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T.1 Cooling Loop Failure

Cooling loop fallure could be the result of a loass of flow due to a pump
or controller failure, orra loss of coolant from the loop. Each of these
failures would result in the loss of condensing capability in the con-
denser. The water vapor generated in the evaporator would then be lost to

space through the vent unless the system was shut down.

The response of the system to the cooling leoop failure is summarized in .
Figures 7.1 and 7.2. The temperature of the condenser wall rises until it
approaches the temperature of the incoming vapor. The higher wall temperature
results in a loss of condensing capability and the water recovery rate rapldly
drops tc zero. The incoming vapcr is lost to space through the vent. The
evaporator vapor generation rate drops since the vapor accumulated in the
condenser builds up fhe condenser préssure and therefore limits the pressure
driving force from the evaporator to the condenser. The evaporatbr would
tend to increase in temperature and pressure, however, the low tempefaxure
heating loop controller bypasses the heating fluid at a vapor temperature

of 105°F and therefore limits the pressure to the corresponding saturation

pressure of 1.1 psis.

The net result of the cooling failure is that the water recovery capability
of the system is lost. Unless the system is shut down the evaporator low
signal will automaticelly feed water to the evaporator from the wash water
system. The water would be evaporated and then lost to the condenser vent.
When the system is shut dowvn the evaporator cooling load is transferred to
the emergency heat exchanger keeping the LTHL in thermal equilibrium.

Heat from the LTHL can be added to the evaporator and water recovery ney
proceed once the condenser problem is repaired.

T.2 Incinerator Vent Valve Failure

The most serious incinerator failure mode identified to date is the failure
of the cycle to switch from the oxidation mode to the vent mode. This failure
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could occur if the vent val&e to vacuum failed to open. Oxygen would continue

to react with the solids and generate approximately 1100 Btu/hr. The possibility
exists that this heat input would increase the temperature of the isotope in

the heat block beyond its design point. TFallure of the isctope capsule would
then release the extremely toxic Pu-238 isotope to the cabin atmosphere.

The temperature response of the incinerator and the heat block as a result

of the vent failure is shown in Figure 7.3. The temperature of the inein-
erator reaches only 1450°F before all solids in the shuttle load are burned.
This is only 150°F higher than its normal operating point. The temperature
rise is limited sihce heat generated by the chemical reaction is readily
absorbed by the heat block. The isotope and heat block temperstures drop as
they give up heat to the incinerator in the drying cycle. When the failure
occurs the heat block absorbs the excess heat to return te its normal opersating
point sooner than normal. All the solids are burned and the heat generation
rate drops to zerc at the end of the oxidation cycle. '

The increment of heat imposed on the heat bleck as a result of the vent failure
is absorbed by its thermal mass and is in turn rejected to the envirénment

by the heat pipe. The isotope capsule design”point temperature is not exceeded.

7.3 Low Temperature Heating Loop Failure Analyses

Failure analysis of the Low Temperature Heating Loop {LTHL) is especially
important due to potential nuclear hazards posed by the isotope heat source.
A complete nuclear safety analysis Irom ground handling, launch snd recovery
would be required before approval is given for use of the nuclear capsule

in a space system. The thermal anaslysis by the G~189A4 program of the LTHL
is a preliminary effort to identify potential‘gailures and corresponding
effects prior to application design devé@opmén#. ‘

The LTHL provides heat to the evaporator, poteble water storage tanks, flush
water tank, and the water heater. The heat source, a 1500 watt Pu~-238

isotope, is enclosed in a large diameter water tank which sérves as &
)
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nuclear shield. The water tank, which will be discussed later, also serves

to dampen isctope temperature excursions as a result of any system failures.
OQut of the total 5120 Btu/hr generated by the isotope approximately 2700 is

used by the evaporator, 900 Btu/hr is used to heat the tanks and 1500 Btu/hr
is lost through line losses and through the shielding tank wall.

Emergency cooling for the isotope is provided through an on line liquid-
liquid heat exchenger located in the LTHL just upstream from the isotope
hegt source. A water coolant loop, with b&pass control around the heat
exchanger, provides the coolant supply. The bypass controller senses the
LTHL fluid témperature at the heat source exit and at 190°F will direct flow
t0 the emergency heat exchanger.

The potential failures identified for the LTHL are listed below:

Loss of coolant flow due to‘pump loss or line blockage.
Loss of coolant due to leakage,

Loss of evaporator heat removal (bypass on or evaporator drained).

F oW -

Emergency coolant supply failure (pump or bypasss valve) in
conjunction with any of the above failures.

5, Shield tank drained in conjunction with evaporator or ccolant
supply failure.

The results of the loss of coolant flow and loss of coolant due to leakage

are shown in Figure T.l4, When cooclant remains in the isotope heater a
conduction path is provided to the shield tank and then to the outside environ-
ment. Due to the large thermal capacity of the tank little change in temp-
erature is recorded for the isotope and tank. When a-lcss of coolant occurs
the conduction path to the tank is reduced and heat tfansfer is mainly by
radiation. Temperature of the isctope then begins to rise rapidly raising

the possibility of a nuclear accident.
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Loss of evaporator heat removal capability can be caused by controller failure
in the bypass mode or draining of the evaporator liquid. The result of this
type failure on the LTHL is shown in Figure 7.5. Due to lack of definitive
emergency heat exchanger thermal dats, hand calculaticns were made that
indicated that the heat exchanger UA was the 15-60 Btu/hr °F range. Three
runs were made in this range to test LTHEL coolant response. At time = 0 &n
evaporator bypass failure was assumed and in 220 seconds the LTHL coolant
tempersture reached the 190°F limit which triggered the emergency coolant

heat exchanger flow. For UA less than 50 Btu/hr °F, the emergency heat
exchanger did not stabilize the LTHL temperatures at less than 190°F. The
increase of coolant -temperature and therefore pressure could result in loop
valve or fitting leakage which in turn would precipitate the loss of coolant
failure described above. At a UA of 50 Btu/hr °F the temperature cycles
within the renge of 189 to 198°F. Therefore, it is recommended that the
emergency heat exchanger UA should be specified to be greater than 50 Btu/hr-°F.

The next set of computer runs were made with the assemption that the shield
tank was drained. For applications in space a ciean isotope would be used
and the shield tank would not be required. An evaporator bypass failure {in
the full bypass position) was additionally imposed and the results are shown
in Figure 7.6, The emergency cooling system was able to control LTHL coolant
temperature to 210°F and the isotope temperature rose from 990 to 995°F. When
a loss of emergency flow failure was run in conjunction with a drained shield
tenk and a filed evaporator bypass valve (in the full bypass position), the
lack of thermal capscity in the shield tank water results in a rapid increase
in coolant and isotope temperature, The data shown in Figure 7.6 indicate a
coolant temperature greater than 350 degrees within 20 minutes. The corres-
ponding saturation pressures of greater than 150 psi at these temperatures
could result in loop leaksage.
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The preliminary failure analysis discussed sbove indicates that, with the
exception of the LTHL, the RITE system can compensate for the faillure
modes discussed. To eliminate the possibility of a nuclear accident, the
LTHL pumps should be made failure independent, and a secondary, static,
emergency cooling mode should be provided for the isotope.
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EVAP

Component Subroutine No. 59 - Evaporator for Waste Management/Water
Recovery System

1. Subroutine Description

This subroutine simulates an evaporator such as the one used in the RITE
Waste Management/Water Recovery System developed by General Electrice at
Valley Forge, Pennsylvania. See Reference 1, The evaporator collects
all solids and liqﬁids that constitute wiste, eentrifugally separates
the solids from the liquid, and evaporates the liquid., The vaporized
liquid (steam} in the RITE system is ducted through a purifier assembly

and into a condenser where pure water is recovered.

The evaporator accepts both primary and secondary flows. The primary inlet

and outlet flows define the liquid and s0lid flow through the evaporator

and use flow codes 0 or 4. The secondary inlet and ocutlet flows define the
gaseous flow through the evaporator and employ flow codes 2 or 3. Heating to

the evaporator is provided by either'electrical heaters attached to the evaporator
wall, or by heating fluid flowing through thée tubes encircling the evaporator,

or by both. The evaporator component schematic is shown in Figure 1.

LIQUID/SOLID FLOW, | )

FLOW CODE ‘ - LIQUID/SOLID FLOW

oLgr L EVAPORATOR - FI.SW CODE O OR 4
(Ps (EVAP) (p)

GASEQUS FLOW,

GASEOUS FLOW, — . — P
FIOW CODE (5) ; L () FLOW CODE 2 OR 3
2 OR 3 i
, ALTERNATE
HEATTING FLOW ~—urme . COMPONENT % HEATING FLOW OUT
IN (P) | PROVIDING HEATING (P}
FLUID FLOW (ALTCOM)

FIGURE 1. COMPONENT SCHEMATIC OF THE EVAPORATOR
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The evaporator subroutine performs mass and thermal balances for either

steady state or transient operation. It includes the capability of separating
(filtering) and storing wet solids in & reservoir so as to allow their
subseguent removal from the system by a solids pump. In addition; the
subroutine ﬁay gimulate, as an option, a biothemical reaction that may occur
within the evaporator. This simulation includes the decomposition of urea,
defined by primary inlet/outlet specisl flbw #2, R(15), into two gaseous
components, ammonia, secondary flow trace contaminant, R{32), and carbon

dioxide, R(31). The evaporator schematic is shown in Figure 2.

2.0 SUBROUTINE DATA
2.1 General Notes

1. The primary inlet and outlet flows define the liquid/solid flows through

the evaporator.

2. The secondery inlet and outlet flows define the gaseous flows through

the evaporator.

3. The phase separator is assumed to be 100% effective and zero entrained

liquid flow is assumed in the evaporater secondary loop.

4. The solide filtration rate, removing the solids from the evaporator
to the solids reservoir, is a produet of the solids concentration in
the evaporator and an input value defined as the filtration rate. If
the solids reservoir attains a maximum value (input value) the riltra-

tion process ceases and an appropriate flag is set.

5. The biochemical reaction rete in the evaporator 1s a product of weight
of the decomposing solid (always specisl flow #2 on the primary side)
in the evaporator and the decomposition constant. The products of the
decqﬁpositicn are carbon dioxide R{31) and ammonia which is provided

in the trace contaminant location, R(32), for the secondary outlet flow.

6. The initial weights of liguids and solids in the evaporator must be
input; if the removal rate of the solids is not equal to the solids
influent or the water removal/vaporization rates do’not equal the

water inlet flow rate, appropriate flegs are set.
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; // t / INCINERATOR
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FIGURE 2 EVAPORATOR SCHEMATIC
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T, The primary side special flows 2 and 4 have specific uses where:

Special Flow #2 is defined as ures when bacterial decomposition is

considered.

Special Flow b is defined as water

2.2 Instruction Options

NSTR(1): Heating fluid availability
= 0 Heating fluld is available
= 1 Heating fluid is not available

NSTR(2): Not used
NSTR(3): Not used

NSTR(4): Operating pressure node
= 0 Low pressure operating mode
= 1 High pressure operating mode

2.3 Heat Loss V-Array Data

Reference
Location ' Description Data
51 Temperature of evéporator wall . °F) ‘ I{R)
52 Effective thermal conductance from evaporatof wall
to surroundings (Btu/hr-°F) 0
53 Total heat loss to surroundings.(Btu/hr)
R(53) = R(56) + R(59) + R(62) 0
54 Ambient gas temperature (°F) - I{0)
25 Thermal conductance between surface of insulation
and ambient gas.(Btu/hr-°F) | (o)
56 Convective heat loss to ambient gas ( Btu/hr) 0
ST Ambient wall temperature { °F) I(0)
58 Thermal radiation,FA, factor from surface of
insulation to ambient wall ( £t°) 1(0)
59 Radiative heat loss to ambient wall (Btu/hr) , 0
€0 Structure tempersture.(°F) I(0)

G-EVAP-



Reference
Location

61

62
63
6k

2.4 Steady

Reference
Location

16

17

18

EVAP

Description Data e
Conductance (kA/x) between evaporator vnll and 1(0)

structure ( Btu/hr-°F)
Conductance heat loss to structure (Btu/hr)
Insulation surface temperature,(°F)

Conductance {kA/x) between eveporator wall and outer
surface of insulation, (Btu/hr-“F) (I£ R(6L4) = 0,
there is no insulation) : 1(0)}

State K-Array Data

Descrigtion- ' Date Type

Packed fallure flag data 6 S k 3 2 1 0

Individual digits are set to one for a failed
condition and set to zero for a passing condition.

Digit
Position Condition
1 The solid reservoir has been filled,
the filtration process has been stopped.
2 The solids filtration and decomposition

rate does not correspond to the solids
inlet rate in steady state.

3 . The liquid removal and vaporization rate
does not equal the liquid inlet rate in
steady state,

L Liquid level in the evaporator is above the
maximum specified.

5 Liquid level in the evaporator is below the

' minimum allowable.

6 Not used _
Component number of the alternate component providing I(R) if
the heating fluid flow NSTR(1)=0

Table number defining the heat flux, q/A, between the
fluid in the evaporator and the evaporator wall as a
function of temperature differential between fluid and
wall and liquid pressure ’
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2.5 Steady State V-Array Data

Reference

Location

€5
66
67
68
69
70
T1

Te

73
Th
75
T6

17
T8

19

80

81

B2
83

Description

Effective conductance between the evaporator wall
and the heating fluid {Btu/hr-°F) :

Electrical heat input intc the evaporator wall
{Btu/hr)

Internal height of the evaperator (ft)
Internal diameter of the evaporator (ft)

Effective height of the liquid slurry in the
evaporator (ft) :

Minimum liquid level allowable for normal operation
(rt)

Maximum liquid level allowable for normal operation
(rt)

Heet lost in vaporization of water to air flowing
through the evaporator (Btu/hr)

Total effective gas space in the evaporator (ft3)
Heat flow from evaporator wall to liquid (Btu/hr)
Heat flux, a/A, from wall to liguid {Btu/hr-rt°)

Gas space in the egaporator that is not subject to
liquid filling (f£t~)

Vaporization rate of water (1b/hr)

EVAYP

Data e
I(R} if
NSTR(1)=0

1(0)
I(R)
I{R)

0
I(R)

1(R)

I(R)

Bacterial /thermal decomposition factor for urea/ammonia

cerbonate-bicarbonate in the evaporator (1/hr)

Decomposition rate of urea (1b/hr) {Alway special
flow #2 of the inlet primary flow)

Liquid used in thermal/biochemical decompositlon
reaction (1lb/hr) removed from special flow #lI of the
inlet primary flow

Ratio of liquid to solid in the solids reservoir
(decimal)

Filtration factor of the liquid/solid filter (1b/hr}

Removal rate of solids from the liquid/solid stream
by the filter (1lb/hr)

®* Value is interpolated from Table Data specified
in Table number 18,

1(0)

I(R)
I(R)
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Reference
Location : Description "~ Data Type
8h In the high pressure mode, the fraction of liguid
that is expected toc vaporize to the air flowing
through the evaporator as compared to maximum,
assuming fully saturated alr leaving the evaporator
(decimsl). 1(0)
85 The liquid/solid reservoir capacity (1b) .
{If not input then R(83) will be always zero.) 1(0)
86 Liquid lost due to filtration (special flow #k
in inlet primary flow (1b/hr) 0
87 Urea (special flow #2 in inlet primary flow) removal
. 'rate to solid reservoir (1b/hr). 0
88 Remaining solids {special flow #3 in inlet primary
: flow) removal rate to solid reservoir {1b/hr) ]
89 Water (special flow #b4 in inlet primary flow) removal
rate to solid reservoir (1b/hr) (seme as R{86) ) 0
90 Special flow #5, primary inlet flow constituent,
removed to the solid reservoir {(1b/hr) 0
91 Speeinl flow #6, primary inlet flow constituent removed
to the solid reservoir (1b/hr)} 0
g2 NH.,, {located in the trace contaminant address,
R(32) in secondar outlet flow) generation rate in
the evaporator {1b/hr) ‘ 0
93 CO,., R(31), generation rate due to thermal/biochemical
deGomposition of urea in the evaporator {1b/hr) 0
o4 Steady state convergenbe eriterion for prediection of
temperature (per cent) _ 0
95 Power required to drive the impeller (watts) 1{0)
96 Conductance between wall and 1iqu1d in evaporator
(Btu/hr-°F) ' ‘ 1{0)
97 Not used '
98 Not used _
99 Effective orifice area between the evaporator and the
source of downstregm pressure {used only in the low
pressure mode) (£t°) I(r)
100 Dovnsiream pressure, generally the condenser preasure,
vwhere the vaporized liquid is flowing (psia) I(R)
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Reference : _
Location _ Description Data Type

The V-arrsy locations 101 through-119 are a 19 member set of data defining
the liquid slurry in the evaporator. These data must be initialized
hecause the evaporastor will not run 4ry.

101 Total weight of liquid siurry in the condenser (1lbs) I{R}, O
102 Temperature of the liquid slurry in the condenser

(°F) . I(R), O
103 Pressure of liquid slurry in the evaporator {psia) I(R), ©
104 ~ Pressure of liquid slurry in the evaporator {psisn) I{R), ©

105-114 Not used ‘

115 Weight of urea in the evapcrater. Urine in primery

inlet/outlet flow is special flow #2 {1bs) ‘ I(R), O
116 Weight of solid defined by primary inlet/outlet

special flow #3 in the evaporator (1bs) ' I(R), O
117 Weight of water, defined by primary inlet/outlet

special flow #4 in the evaporator (1lbs) I(R), O
118 Weight of solids component defined by primery

inlet/outlet special flow #5 in the evaporator (1bs} I{R}, ©
119 Weight of solid component defined by primary inlet/

outlet special flow #6 in the evaporator (1bs) 1(R), ©

The V-Arrsy locations 120 through 138 are a 19 member set of data defining
the initial gas mixture in the evaporator. If the run is executed for a
transient case only, the initial values must be input. In steady stste,
values are computed which initialize the parameters for a subseguent
transient run.

120 Total welght of gas in the evaporator (1bs) 1(0),

0
121 Temperature of the gas in the evaporator (°F) 1{0), O
122, 123 Pressure of the gas in the evaporstor (psia) 1{0), O
124 Weight of non-condensebles in the evaporetor (1bs) 1(0), ©
125 Weight of condensable gas {vapor) in the evaporator 1(0), O
(1bs)
126 Weight of entrained liquid {always zero) in the
evaporator {1bs) 1(0), ©
127 Effective capecitance of non~-condensable gas in the
evaporator (Btu/1b-°F} 1{0}, O
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Reference :
Location Description Data Type
128 Molecular weight of non-condensable gas in the
evaporator {1b/lb-mole) _ I{0), O
129 Weight of 0, in the evaporator (;bé)_ 1(0), 0
130 Weight of diluent, N,, in the evaporatoer {1vs) I(0), O
131 Weight of CO, in the evaporator (1bs)
132 Weight of trace contaminant, NH,, in the evaporator
(1bs)} o3 1{0), O
133 Weight of special flow #2 in evaporator (lbs) 1{0), ©
134 Weight of special flow #2 in evaporator (lbs) - 1{0), 0
135 Weight of special flew #2 in evéporator (1bs) ‘_ 1{0), O
136 Weight of special flow #4 in evaporator (1lbs) - 1{0), 0
137 Weight of special flow #5 in evaporator (ibs) | 1{0), ©
138 Weight of special flow #6 in eﬁaporator (1vs) 1{0), O

The V-array locations 139 through 157 are & 19 member set of data defining
the liquid/solid mixture in the solid reservoir. .

139 Totel weight of sclids in 801id reservoir (1bs)
140 Temperature of solids in solid reservoir (°F)
141, 1k2 Pressure in solid reservoir
143, 152 ot used
153 Weight of urine in solids reservoir (1bs) 0
15h Weight of solid, defined by primery inlet/cutlet
special flow #3 in the golids reservoir {lbs) 0
155 Weight of water, defined by primary inlet/ocutlet
special flow #4 in the solids reservoir {1lbs) 0
156 Weight of solid, defined by primary inlet/ocutlet
special flow #5 in the sollds reservoir {2bs) ¢
157 Weight of solid, defined by primary inlet/ocutlet ,
special flow #6 in the solids reservoir (1lbs) 0

2.6 Transient V-Array Dats

Reference

Location Description Data Type
158 Thermal capacitance of evaporator shell (Btu/°F) I(R)
159 ~ Thermal capacitance of liquid in the evaporator

(Btu/°F)
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3.0 ANALYTICAL MODEL DESCRIPTION

Subroutine EVAP was designed to model an evaporator such as that which

is an integral part of the Waste Management/Water Recovery system (RITE
system) developed by General Electric at Valley Forge. Consequently,

the model includes the simulation of solid filtering capabilities and
biochemical/thermal decomposition of urea in addition to the mass and
energy balance during steady stete and transient analyses of the evaporator.

3.1 Thermal Balance

The energy balance for the fluid within the evaporator is developed by
defining two modes of oPeration; hereafter, referred to as the high pressure
mode end the low pressure mode. In the high pressure mode, the value of

NSTR(L) is set to 1 and the following assumptions are made:
1. A relastively high gaseous flow prevails through the evaporator.

2. The pressure in the evaﬁoratdr is egual to the inlet pressure df

the gas stream.

3. The air stream leaving the evaporator may either be fully saturated;
that is; amir temperature equals the dew point temperature of the
air, or it may vaporize relatively small amounts of liquid from

the evaporator as it flows through it.

In the low pressure mode, the vaelue of NSTR{L4) is set to 0 and the following

assumptions are made for the thermal analysis.
1. The gas temperature is equal to the liguid temperature.

2. The liquid temperature is equal to the boiling temperature, a

function of the evaporator pressure.

The nodal thermal model developed for the energy balance of evaparator is

shown below:
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we
273 -
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ﬁ’r AV . Tat
.8
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Selec !

Heating fluid inlet temperature (°F)
Heating fluid flow conductance (Btu/hr-°F)
Heating fluid outlet temperature (°F)

R(65) = Effective thermal conductance between heating
fluid and evaporator wall (Btu/hr-°F)

R(51) = Evaporator tank wall temperature (°F)

R{66) = Electrical heat input (Btu/hr)
R(53) = Heat lost to the surrcundings (Btu/hr)
R(75) = Heat conductance wall to liguid (Btu/hr-°F)

R(2) = Temperature of the liquid in the evaporator (°F)

R(159) = Thermal capacitance of the 1iquid slurry in the
evaporator {Btu/°F)

R(158) = Thermal capacitance of the evaporator shell (Btu/°F)

Fluid flow conductance of liguid slurry flowing into the
evaporator (Btu/hr-°F)
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Tg = R(21) = Temperature of the gas leaving the evaporator (°F)
L. = B(1)*CPB = Flow conductance of gas flowing through the
evaporator (Btu/hr-°F)
Toy = A(2) = Temperature of the liquid flowing into the evaporator (°F)
Tgi = B(2) = Temperature of the gas flowing through the evaporator (°F)
ng = Thermal conductance between liquid and gas flowing through
the system (Btu/hr-°F)
Steady State

The steady state hnalysis in the high pressure mode has a provision for the
vaporization of liquid into the air that is flowing through the evaporator.
This is accomplished by predicting the saturation vepor pressure of air
flowing through the evaporator and the amount of vaporized ligquid that

is required to attain saturation. The mathematicel development of this -
portion of the model is presented below.

Saturetion vapor pressure leaving the evaporator is derived from air temp-
erature using the function PSAT.

pnzo, , = Psar (Tgi) (1)
P
H,.Q -

o, s T gt Sy @

* -
wva.pr = Kv (VHEO, 8 wH20, i) (3)
where:

pH20 = Saturation pressure of vapor (psia)

wé = Total gaseous flow through the system (1b/hr)

wH 0. s = Assuming saturation vapor flow leaving evaporator (1b/hr)

21
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WHQO’ g = Vapor flow into the evaporator (1v/hr)

Vyapr = Vaporization rate of liquid (1b/hr)

K, = Vaporization fraction of liquid factor (between 0. and 1.)
P, = Total pressure of gas ?n evaporatbr (psi)

Mg = Molecular weight of gas entering eveporator (1b/lb-mole

The thermal balance in the high pressure mode is accomplished by predicting
heat flow to the wall from the heating fluid, heat flow from the wall to
surrcundings and to the liquid in the evaporator and cooling of the liquid due
to evaporation of water into the gas stream. The nodal heat belance equations

are given below:

Heating Fluid Node, ‘I‘hf

Heat lost by fluid = Hest transfer to wall

(UA/ .

wcpﬂ) (T ~T.)

we (7., - T ) = we . (L - e W hi

Pl hi hf* P

Evaporator Wall Node, Tw

Heat transfer from heating fluid + Electrical heat input =
Heat lost to surroundings + Heat transfer to slurry

wC {1 - e(-UA/wch)) ('1‘w - Thi) +q

P )

elec = 9surr * Cw£ (Tﬁ -1

L

Liquid Node, Tg

Heat transfer from wall = Heat transfer to entering liquid + Heat transfer

to gas

Cot (T = Tl = wey, (Ty - Ty ) +Cp (T - T,)
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Gas Nodé, Ts

Heat transfer from ligquid = Hest gain by ges flow

It

ng(Ta - Tg) L (Tg - Tgi)

The steady state heat balance is assumed accomplished when the individual
heat balances for the heating fluid node, the wall node, and the liquid
node are approximately numerically correct, meeting the steady state

convergence criteria.

The steady state thermal anslysis in the low pressure mode islaccomplished
in a similar fashion to that for the high pressure mode except that the
heat flux from the wall to the liguid is predicted from an input table.
The table relates the boiling heat transfer rates to the temperature
differential between the wall and the 1iquid and the evaporator pressure.

The nedal equations for the low pressure mode reduce to the following:

Heating Fluid Node, “hf

Heat lost by fluid = Beat transfer to wall

(1 - e('UA{wcpﬂ)) (T, - T )

we g (Tyy = Tyed = ve hi

)81

6-EVAP-11



EVAP

Evaporator Wall Node, Tw

Heat transfer from heating loop + Electrical Heat Input = Heat lost

to surrcundings + Heat transfer to liquid

C(UAVE_ ) o w ) )
wcpf, (l - € pf, ) (Tw = Thj.) + qelec - Flsurr + q/A (Tw TP.)

Liguid Node, T2

Heat transfer from wall = Heat transfer to input liquid + Heat for

evaporation

2) =we (TE - Tli) +w. .k

oA (T‘wl - T Teg |

Since the temperature of the liguid is set equel to the dew point temperature
corresponding to the evaporator pressure level, the heat balance is comﬁuted
for only the heating fluid and wall nodes. The evaporator pressure is
computed from the pressure drop between the evaporator and the dowmstresm
pressure, R(100). In this calculation, the vapbr flow rate is equal to the
current efaporation rate, R(77), and the flow resistance is due to the

effective orifice area, R(99).
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Transient

The transient thermal analysis of the evaporator is accomplished using the
forward difference techniques for the nodes that include thermal capacitance.
These nodes are the wall node {capacitance input in R(158) ) and the liquid
node. The liguid node's thermal capeacitance is calculated from the amount of

1igquid in the evaporator and its specific heat. The value is stored in R(159);

The critical time step is computed for each node to insure against computationes
instability. The minimum ceritical time step is compared with the system

time step; if the value of the minimum critical time step is. below the

system time step then the subroutine time step is set euel to the minimum
critical time step. Each time the subroutine is called, successive time

step passes are performed in the subroutine until the system time sﬁep is
schieved. The critical time step is defined as:

node capacitance
¥ conductances

btc =

Mass Balance

The mass balance of the evaporator system, besides accounting for the
amount of gases, liquids, and solids flowing bhrough the system also has
the espabilities of computing the biochemicsl/thermal decomposition of
urea into NH. and CO, and the removal of solids from the evaporator to the

3 2
solid reservoir by the solids filter.

Urine contains & certsin amount of ammonium carbonate/bicarbonate which
will liberate 500 mg/; of carbon dioxide when it is vaporized. In addition,
urea which is the principal solute in urine {~ 28000 mg/t) may decompose
4 3 and COE‘
also decomposes in the presence of the enzyme urease which is produced by

thermally when the temperature is above 150°F to yield KH Urea

bacteris contained in the feces, Once the bacteria is introduced they

will multiply vhile decomposing most of the urea within 12 to 48 hours.
Since no germicidal chemicals are added to the evaporator it is assumed
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that biochemical decomposition of urea will occur. The urea decomposes
to NH3 and COE according to the following reaction:

UREASE
H,NCONH,, + H,0 ———= 2NH, + €O,

The reaction is modeled as follows:

, M . ‘
= B ‘
Yoz K * Mur' tmo.* ? _ (5)
MCO?— (6)
CO2g KR Mur
ur | ) o (1)
W = -(-—————————— * {w + w T
urd MH20 *+M ) ag  "C0.8
a0 ) (8)
W = * (W + w
H,0u -(MH20 +M ) ag COg
where:
= t 1b
Yag NH, generstion rate (1b/hr)
= 1 ]
wcoag CO, generation rate (1b/hr)
Vo Urea decomposition rate (1b/hr)
Wi oy = Veter used in decomposition of urea (1b/hr)
2
on = Molecular weight of ammonia (1b/lb-mole)
Mur = Molecular weight of the urea {1b/lb-mole)
Mao = Molecular weight of 602 {1b/1b-mole)
2
n . = Weight of urea in evapomator (lbs)

Kq = Decomposition factor {1/hr)
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Subroutine EVAP models the solids filtering capability of the evaporator.

In the evaporator the pumping action of the impeller circulates the liquid
slurry thru an external perforated metal filter. The waste solids collect
in the filter. When the filter (defined as the solids reservoir) fills with
solids, a means through GPOLY logic is provided to remove the solids from
the solids reservoir. The methematical development of the process is.

presented below:

m, =Im | (9}
CONC,_ '= m_, /o, ‘ (10)
Woep = CONC_ * K | B _ | .(11)
¥y T Ve Kpr | - (2)
v, o= ;-L * (v o) - ' (13)
st
where:
m = Tofal veight of solids in ﬁhe evaporator {(1bs)
m, = ngght of individusl solid component in evaporator (1lbs}
m, = Total weight of liquid slurry in the evaporator (lbs)
CONCB = .Concéntration of solids in evaporator (decimal)
Wop, = Solids filtering rate {1b/hr)
Kp = Filtration constant (1b/hr)
v, = Liquid filtration rate by filter (1b/hr)

Kpr, = Ratio of liquid to solid in solids reservoir (decimal)

W = Removal rate of individual components from evaporator to
solids reservoir (1b/hr)
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The transient mass balance is accomplished by maintaining flows in and out
of the evaporator, accounting for uree that may have biochemically reacted,
solids and ligquid that may be filtered out, and the liquld that is vaporized.
The flow stability {the critical time sfep) for the low pressure node flow
exiting the evaporator and flowing into doﬁnstream componente must be
determined by GPOLY iogic.within the EVAF subroutine. In this mode the
evaporator pressure and flow is a function of the downstream {e.g., con-
-denser) pressure. The mass balance for all components in the evaporator

may be represented by the following general eguation.

mo=m (i-wfeac ¥ Vin " Ve - wo)‘* at | (;h}
where,

:-wreac = Rate éf generatibn of component in evaporator (1b/hr)

Yin = Inlet flow of.compdnent (ib/hr)‘

Vo = Outlet flow to golida filter (1b/hr)

v, - Outlet flow to vapor loop (1b/hr)

m, mf = 014 gnd new values for mass of constituent in evaporator

(1v)

k.0 LOWER LEVEL SUBROUTINES.AND FUNCTIONS® REQUIRED

HF
HG
ESTIM
QSURR
PSAT (T)
TSAT (P)
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CNDNSR

Component Subroutine No. 60 - Condenser

1. Subroutine Description

This subroutine simulates a condenser such as that used by a Waste Management/
Water Hecovery system, specifically the RITE system that has been developed by
General Electric at Valley Forge, Pennsylvanis. See Reference 1. The .
condenser 1s used to condense the water vapor discharged by the pyrolysis
units and to store the condensate prior to its transfer to the collection

tanks. The condenser component schematic is shown below.
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FIGURE 1. COMPONENT SCHEMATIC OF THE CONDENSER

An engiﬁeering sketch of the condenser is shown in Figure 2.

Water vapor and inert gases enter at the top of the condenser., The sensible
and latent heat of the vapor is removed at the top part of the condenser wall.
Cooling is provided by an elternate component prnviding‘the coolant flow
through the tubes attached to the condenser. The non-condensable gases remain

in the condenser until vented to vacuum as secondary flow. The condenser is
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FIGURE 2. CONDENSER UNIT
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CNDNSR

designed to retain the condensate at the bottom either by the force of
gravity or by capillary action in & zero-g environment. The condensate
maylbe removed as primary flow by an external command through GPOLY1l logic.

2.0 Subroutine Data

2.1 General Notes
1. The primary inlet flow must be gaseous; that is, use flow codes 2 or 3.
2. There is no secondary inlet‘flow.

3. The primary cutlet flow is liquid using flow code 0 or 4 and the rate
is determined by GPOLY1 logic.

b, The secondary outlet flow is gaseous and is computed by the subroutine,

5. The B-Array data R(91) through R-(109) are a 19-member set of variables
defining the gas mixture in the condenser. Initial values are computed
during steady state analysis to satisfy the steady state eriteria, It~
is recommended that a steady state run be mﬁde priocr to trdansient
analysis in order to initialize these variables,

2.2 Instruction Options

NSTR(1) Type of Condenser
= 0 Cylindrical condenser
=1 Conical condenser
NSTR(2) Criteria used for steady state mass balance
= 0 Fraction of vent gas defined by R(79) is used in obtaining
the mess balance in steady state.
= 1 The total pressure in evaporator is defined and used as
basis in obtaining mass balance

2.3 GSteady State K-Array Data

Reference
Location Despription _ Data Type
16 Component number of alternate component I(R)
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2.4 Steady State/Transient V-Array Data

Reference

location

65
66

67
68

69
70

T1
T2
73
T4

(#]

T6
7
T8
9

8o

81

Deseription
(See Figure 2 for Thermal Network)

Total heat flux through the condenser wall (Btu/hr)

Effective orifice area of the valve usgd in .
venting geses out of the condenser (ft°). The
orifice is sized during steady state conditions
according to the NSTR(2) ecriterion, inlet conditions,
condensing rate, and downstream pressure R(67).
During transient conditions the area can be adjusted
by GPOLY logic to simulate vent valve operation.

Downstream pressure to which the gasezs are
venting (psis)

- Dew point temperature:ef gases in condenser

(°F)
Water condensation rate in the condenser (1b/hr)

Heat loss to wall due to latent heat of condensation
(Btu/hr)

Internal radius of condenser (fit)

Internal height of condenser (£t)

Height of the liquid level in the condenser (ft)
Mass of liquid in the condenser, (1lbs)

{an initial value may be specified)

Effective thermal conductance between condenser wall
and the ccolant in the tubing which is attached to
the condenser wall (Btu/hr-PF)

Steady state convergence tolerance (decimal)
Condenser total lumped thermal capacitance (Btu/°F)
Condensate lumped thermal cepacitance (Btu/°F)

Molar fraction of vent gas that is condensable vapor
(decimal} ,

Conductance (KA/?.) between the two condenser
wall noedes (Btu/hr-°F)

Effecitve total conductance between the condenser wall

and the surroundings (Btu/hr-°F)

Data Type

1(0)

I1(R)
I(R)

o y
1(0), O

I(R)

I(R)
I(R)

0
I(R) when
NSTR(2) = :
1(R)

I(R)
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2.4 sSteady State/Transient V-Arrasy Data {continued)

Reference

Location

82
83

8k

85

86
87
88
89

| Effective

CRDESR

Descripticn - Data Type

temperature of the surroundings (°F)

Heat transfer convection coefficient between the gas

- and the wall and liquid nodes; the sensible heat

transfer coefficient (Btu/hr-oF)

Conductance (KA/f,.) between the wall node and
the condensate node, (Btu/hr-°F)

Heat transfer coefficient due to condensation of vapor
on the condenser wall (Btu/hr-°F-Ft<)

Coolant ocutlet temperature at coolant ncde 1 (°F)

Coolant outlet temperature at coolant node 2, (°F)

Condenser

Condenser

wall node 1 temperature (°F)
wall node 2 temperature (°F)

I{R)

I(R)

o O O O O

The V-array locations 91 through 109 are a 19-member set of data defining

the gas mixture in the condenser:--If-the rup iseexecuted. for.:e .

transient case only, the initial values must bé_input. If a steady state

case is executed, the values are computed by the subroutine and are not

required to be input.

91
g2
93, 94
95
96
97
98
99
100
101
102
103
10k

Total weight of gas in condenser, (1lbs)

Temperature of the gas in condenser, (°F)

Pressure of the ges in condenser, (psia}

Weight of
Weight of
Weight of
Effective
Molecular

Weight of
Weight of

Weight of
Weight of
Weight of

non-condensables in condenser, (lbs)
condensable vapor in condenser, (lbs)
contained liquid {alwsys zero), (1bs)
capacitance of non-condensable gas, (Btu/1b-°F)
veight of non-condemsable gas, (1b/1b mole)

02 in the condenser, (Lbs)

N, in the condenser, (1bs)

CO, in the condenser, (1bs)

NH_ in the condenser, (1bs)

3
special flow #1 in the condenser, (1bs)

1(0),
1(0),
1(0},
1(0),
1(0),
1(0),
1(0),
1(0),
1{0),
1(0),
I(0),
1{0),
1(0),

cC O O O o O o O 0 O 0 0 O
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Reference :

Location Description : Data Type
105 Weight of special flow #2 in the condenser, (1lbs) 1(0), ©
106 Weight of special flow #3 in the condenser, (1lbs) 1(0), ©
107 Weight of special flow #4 in the condenser, (lbs) . 1(0), ©
108 Weight of speciml flow #5 in the condenser, (lbs) 1(0), ©
109 Weight of special flow #6 in the condenser, (ibs) 1(0), ©

3.0 Analytical Model Description

The modeling of the condénser by this subroutine includes both mass and
thermal balances. Figure 3 is a schematic of the condenser thermal network.
Thermal parameters for the condenser are shown. The mass flow constituents
entering the condenser (from the pyrolysis units in the RITE system) include
liquid water, water vapor, carbon dioxide, oxygen, nitrogen, and other non-
condensable gases. The condensaete is assumed to be stored in the condenser
until pumped from the condenser by an external command, determined by GPOLY1
logic. The non-condensable gases and vapor that is not condensed are con-
sidered to be either contained in the condenser or vented to vacﬁum by cpening

the vent valve,

3.1} Thermal Balance

The energy balance of the water condenser 1s accomplished by a formulated
6-node thermal network with the waell nodeg defined by the liquid level of
the condensate. The lumped parameter thermal network is shown in Figure 3 below

TsuR we T
Condensing Pg )
ges and Vv

T

me E
= B 2Acomp

‘ UA
T Vl , 2 T

! . 1719 condensat
’// Condensate wall, .~ ::;’CSUB2J¢¢¢¢ : o

FIGURE 3. CONDERSER NODAL NETWORK
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where:

T, o = Inlet temperature of the coolant, (°F)

T.1 = R(86) = anperafure of coolant at node 1, (°F)
T.n = R(87) = Temperature of coolant at node 2, (°F)
.Twl = R(B8) = Temperature of wall node 1, (°F) |

T o = R(89) = Temperature of wall node 2, (°F)

Tg = R(21) = Temperature of gas in the condenser, (°F)

Ty = R(2) = Temperature of the condensate in the condenser, (°F)

Ty = A(2) = Temperature of the gas flowing in, (°F)

LA = Fluid flow conductance, coolant flow, (Btu/hr-°F)

LT = Fluid flow conductance gaseous inlet flow, (Btu/hr-°F)

TSUR = Effecﬁive temperature of the surroundings, (°F)

C . Effective conductance to the anrroundings, wall node l to surroundings,

SUR1 (Btu/hr-°F)

Effective conductance to the surrouméings, wall node 2 to
- surroundings, (Btu/hr-°F)

UA1 = Effective thermal conductance between wall node 1 and coolant
" node 1, (Btu/hr-°F)

Csure

UA2

Erfective thermal conductance between wall node 2 nnd ccolant
node 2, (Btu/hr-°F) ‘

Kaje, = R(B0) = Conductance betweed wwll nodsnl,“and wall nodd 2, (Btu/hr-°F)

KA/t = R(84) = Conductance between wall node and liquid node, (Btu/hr-°F)

2

hcl = R{83) = Convective heat Eransferncoefricient between wall node and gas
node, (Btu/hr-Ft°-°F)

Heat transfer coefficient, diffusiog for condensation of wvapor
on the condenser wall,(Btu/hr-°F—Ft

"y

mcpl = Thermal capacitance of wall node 1, (Btu/°F)
me , = Thermal capacitance of wall node 2, (Btu/°F)
mcp3 = R(78) = Thermal capacitance of liquid in the condenser, (Btu/°F)
Aqm °© Surface area of node 1 (fta)
= _ , 2
Avorp = Surface area of condensate (f£t°)

6~CNDNSR-T
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Steady State

A steady state heat balance is performed about each node.

1. Coolant node associated with condensation wall, TC

1
Heat gained by the coolant = Heat transfer from condenser wall node
= ~(ua, /we_:) .
wcpc(Tcl N Tic) B wcpc(l -8 uAl pe )(Twi - Tic) (1)
2. Coolant Node asscciasted with condensate storage wall node, T02
Heat gained by the coolant = Heat transfer from wall, Tc2
, ~(uh fwe_ )y, - |
wcpc(T_ce Tcl) - wcpc(l - € 2" pe ") Tuo Tcl) (2)

3. Wall node associated with condensing portion of wall, Twl

Heat lost to coolant + Heat lost to sufrounding + Heat lost to lowef

wall = Sensible heat gained from gas node + Heat of condensation

~{ uwA /we_ )
- e - . —
we {1 1 pe  UT = Ty ) * Com (Tyg ~ Ty
+ kaft T -~ T _ ) =nh_ A
1 Vvl ~ w2 ¢l SURL (Tg - Ty} + BAge (T -T.,) (3)
where T, = TSAT (Vapor Pressure)
L. Wall node associated with condensste storage part of wall, Tw?
Heat lost to coolant + Heat lost te surroundings = Heat transfer
from upper well + Heat gained from condensate
-(up, /we_ ) =
wcpc(l e 2" e )(Tw2 - Tcg) + CSU'RQ(TWQ - TSUR) =
A - -
kA/R (T, - T ) + KA/, (T, - T ) | ()
5. Gas/Vapor Node, Tg
Heat lost by incoming gas vapor = Heat lost by condensation + Sensible
heat loss = (Connection heat lost to condensate
WC - = (r - -
e Tei ~ Tg) = Babgum (Tg ~ Ta) * Bpbgumy (T - Tin! (s)
* Roo Aconp (g~ Ty)

€-CNDNSR-8
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6. Condensate Node, T,
Heat gained from gas = Heat lost to wall
Beo Aoowp (Tg = Ty) = KA/ pp (Ty - T.5) {6)

The energy balance of the thermal network in steady state is accamplished

using the Gauss-Seidel iteration method.

modified to yield six equations for the nodal

T.=T

cl

vwhere:

c2

where:

vl

where:

where:

3
LS
|

The heat balance equations are

temperatures.

* -
ic M C1 (Twl ‘ Tic) (7)
' ~{uA_ fwe
c, = 1. -~e 1/wese) (7a)
* -
er YO (T, Tcl) (8)
Cy = 1. -e “(uA2/w¢pc) (8&)
v oo+ BB o 4poa T+ T + (C )
ie 2% 1 YT Peraum hDASURl SURL “SUR
S _ , @
Cp * [y erfaury * Bpfeumr * Cauma
. |
02 = wcpc Cl (9a)
KA KA
C3 Ty * 1 Ta t N T * Coure Tsur |
- (10)
03 + %& + 2 CSU :
12 R2
= * ‘
c3 ‘Ch Ve e (10a)
bertsurn Twr * BezAcomp 1 * "“pg Tgi
(11)
he + he + we
1 2 PE
o KA__‘A__g“gAFA_W,“WﬁE&,
(hoohoonp Tg * Z, wa!/ (Beoheonn £2) (12)
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After the new temperatures for the six nodes are computed, they are tested
against previously computed temperatures, if all the values are within

the convergence criterion, an input value, the thermal balance on the
condenser is assumed to be attained for the given condenser veapor pressure.
At each iterative pass the vapor pressure 1s determined from the function
PSAT for the current vapor iempersture.

Mass Balance

The mass balance of the condenser is attained by making the following

assumptions:

1) The constituency of the gases venting out of the condenser is the same
as the constituency of gases in the condenser.

2) The total non-condensable flow and the constituency of non-condensable

flow doeé not change between inlet and cutlet.

From the condensing wall temperature, :wl’ and the dew point temperature, Tv’

of the gas in the condenser, we compute the condensation rate, Yoond"

Voonda = %" (T, = Twl)/hfg _ ' (13)

where: hfg = heat of vaporization, (Btu/lb)

Since the condensation rate cannot exceed the vapor inlet flow, & test is
made to insure that the condensation rate is not greater than the vapor
inlet flgw. If vapor inlet flow is less than the condensation rate, then the
partial pressure of vapor, PPy o0 is decreased and a new heat balance is
computed using the new, T, sefuration temperature of the gas.

The vented flow rate is derived from the partial pressure of vapor, pp 0°

is vented with non-condenssble gases by first predicting the total pressure
in the condenser.

in the condenser and the volumetric percentage of water vapor, Vr

6-CNDNSR ~



Total pressure:

Py

/v

ppH20 ratio

CNDNSR

(1!+)

The molecular weight of gas vented is derived from the following relation-

ship

ne

M

* +
c pPH 0 Mﬁc

2
Py

* (p, - ppﬂzo)

(15)

Average molecular weight of gas in the condenser {same as

vented gas) (1bs/1b-mole)

Molecular weight of condensable gas (water vapor) (1bs/ib mole)

Molecular“weight of the non-condensable gas in the condenser,
the value is equal to the molecular weight of non-condensable

gas at inlet (1bs/lb mole)

The total flow vented is computed from the following relationship:

. 4] M
v =y et » ifi_
t ne pt'PPH20 ne
vhere:
v, = Total flow vented, (1v/nr}
L Total non-condensable gas vented, (1b/hr)
v, = Total condensable gas (vapor) vented, (1v/hr)
From total flow and non—condenéable we compute the vapor flow vented:
v = W, -W
c ne

(16}

(17)
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The vapor flow vented out of the condenser should equal the vapor flowing
in less the condensation rate. If the vapor flow vented out is higher than
the vapor flowing in less condensation rate, we assume that there was in-
gufficient condensation and we increase the pertial pressure of vapor to
induce a higher condensation rate. If the vapor flow vented is lower than
the difference between vapor flowing in less condensation rate, we decrease
the PPy o to decrease the condensation rates. In both cases a new steady

state tﬁermal palance is computed for the newav,term.

If the vepor flow vented approximately equals the difference between vapor
flow in less condensation rate, we assume & mass balance has been achieved.
With the steady state flow computed, we determine the initial values for
the gas components in the condenser by first computing the total weight of
gas in the condenser and then the individual components.

mo = (V%*p * M, )/(1545, ® (T + b60.) ) _ (18)
where:
m, = Weight of gas in the condenser, (1lbs)

V = Gasecus volume in the condenser, (r3)

T = Temperature of gas in the condenser, (°F)

M, = Molecular weight of gas in the condenser (lbs/lb-mole)
wi = (mi/mt) " wt (19)
where:
m = Weight of constituent i in thé condenser, (lbs)
w, = Flow rate of constituent 1 vented {1bs/hr)

6-CNDNSR-12
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With the temperature, pressure, and weight of individual components cal-
culated for the gas in the condenser, we compute the effective orifice area
of the vent, Av’ that would yield the specified flow rate computed above.

The value is derived using the choked flow formula as follows:

W e
. <"3‘g(‘,5‘—§'r'p—) J%—lﬂ—- (T + 460)
A = ) t/ t

v (r+1)/(r-1)
r* g, * (=)

r+l

(20)

A_ = Effective orifice area of the vent, (ft°)

32.17Th oproportionality constant (lbmll'bf sec2)

R
0
n

~
It

Ratio of specific heats {dimensionless)

Transient Anslysis

The nodal temperatures suring transient analysis are computed through the
use of forward difference techniques for nodes that ineclude capacitance
values, namely the two wall nodes, and the liquid condensate node. The two
coolant nodes and the gas node are assumed to have negligible capacitance |
values. The temperatures for the two liquid coclant nodes and the gas node

are computed from the following:

= - [ 3
Tcl Tic + (Twl Tic) C1 (21)
= - # .
T2 Ter ¥ (Typ = %) * Gy (22)
T, = (Badgm Ta * hop Aggyp T ve e Tg b Ay + (23)
Boofoomp * ¥opg!

6-CNDNSR-13
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From which we compute heat flux from all nodes to coolant nodes

= # - 2k
Qut1 = Co (Twl Tic) o (24)
= * -7 ' 2
Uute C3 (Twz Tcl) - (25
where:
Quel = Heat flow from wall node 1 to coolant node 1, (Btu/hr)
Quupp = Heat flow from wall node 2 to coolant node 2, (Btu/hr)

The totel heat flows into the wall nodes are computed as follows:

KA
-~ » - * -
%2 Qut1 * Csurr * Tsur ~ Tt * T (T - Tyy) (26)

1
# - A . » _om .
+ hDASURl (Tv Twl) + hclASURl (Tg Twi)

KA

= L' - LA - : |
Quz = Qut2 * Csure ¥ (Tour = Tw2) * b (T = Tyo) (21)
KA &
* (TE - Twz)
2
where:
Q. = Heat flux through wall node 1, (Btu/hr)
Q..o = Heat flux through vall node 2, (Btu/hr)

The heat flow into the liquid node is computed by the following:

Q = - ¥ (T, - Tp) Hhghegp * (T, - Ty) : (28)

6-CNDNSR-1
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New values for constituent ges masses and the total gas mass are obtained.
PROP is used to obtain the molecular weight for the total gas mixture and

the water vapor partial pressure and the totml pressure are computed as

follows: ;
mi' = m o+ ow, %At : (34)
n
me = I m (35)
i
Py o = my o * 1545, % (T+460.)/(V*18.%1Mk.) (36)
2 2
p, = m * 15h5.*(T+h60.)/(v*mtﬂlhh.) (37)
where
my g = Weight of vapor in the condenser (lb.)-
2 X
v = Caseous volume in the condenser (ft3)
m, = Total weight of gases 1ln the condenser (1b)

k.0 Lower Level Subroutines Called

FROP
FLOWOR

5.0 References

l. Schelkopf, J. D., Witt, F. J., Murray, R. W., Summary Report,
Integrated Radioisotopes for Thermal Energy, General Electric
Report No. NYO-hl0k-1, September 8, 1970.

2. Barker, R. S., et al,, G~-189A Generalized Environmental/Thermal
Control and Life Support Systems Computer Program, MDAC G2hkk,
September 1971.
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vhere:

Q, = Heat flux through liquid node, {Btu/hr)

Before the transient temperatures are computed, the critical time step is
computed for each node, and compared against the system time step; if the
value of the minimum critical time step is below the system time step then
the subroutine time step is set equal to the minimum critical time step.
Each time the subroutine is called, successive time passes are performed
in the subroutine until the system time step is achieved. The critical

time step is defined as:

At = node capacitance
Z conductances

(29)

The new temperatures for the liguid and wall nodes are computed from the

following:
[ ] - . (
Ta = Twl * Qtwl At/mcpl 30)
. | @ .
Tw2 = Twa + Qtw2 A‘t’./mcp2 (31)
1 « :
T, = T, +Q At/mcp3 (32)

Where, the prime, denotes the predicted temperatures of the wall and
liquid nodes at the end of the time step.

The mass balence during transient analysis &s computed by first determining
the total flow of vent ges using the function FLPWPR. This function
computes choked or sonic flow through an orifice.

The flow rate of individual constituents through the vent valve is determined
as follows:

e
My

(33)

= *
Yy Yt

6-~CNDNSR-15
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Component Subroutine No. SB - Incinerator

’

1.0 Subroutine Description

This subroutine simulates an incinerator in which the waste products are

processed by vacuum drying, chemical decomposition at high temperature, and

venting of resultant ash.
loaded into the incinerator in a bateh process.
opened and the solids are dried.

The vent to vacuum iz closed and a

Waste products such as paper and feces are

The vent to vacuum is

small amount of oxygen is introduced with the solids and the oxidation

reaction proceeds.

oxygen cycle is repeated until all the solids are incinerated.

The product gasses are then vented to vacuum. The
At the

end of the cyele, the remaining ash is blown out by a nitrogen purge.

The incineration eycle is summarized in Figure 1.

2.0 Subroutine Data

2.1 General Notes

1. The input is an instantaneous batch process, therefore the solid and
liquid mass is input through GPOLY logic.

2. The primary outlet flow is gaseous using flow code 3.

3. There is no secondary outlet flow.

L. During steady state the iﬁcinerator is assumed to be empty.

2.2 Instruction Options

2.3 Heat Loss V~Array Data

Reference
Location

51
52

Deseription

Temperature of incinerator (°F)

Effective thermal conductance from incinerator
to surroundings (Btu/hr-*F)

Date

6-INCIN-1
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Flow

INCINERATOR CYCLE DEFINITION

Total Cycle Time ‘
R(71) e

- R(76) —w Time into Cycle
! -ﬁR(TS) - Vent to space

i ! Oxidation
AL R -

e -
L R(72) R{T3) 3 % R(T5N

N | ‘ R(7T7) = No. of oxidation/vent
. \\ 4 / E cycles |
\ \ . R(7T7) = 2 is shown here
\ Fnd of |
e .

\u

1

Dryi ‘

~ Constant Rat periﬁ E

Drying A e

L ,
T }
- ime Pegiod.\ / / !
. |

1

|

Variable Raté’]
Drying Period- !
et s e .

Time Jl/



Reference

Location Description Data Type
53 Total heet loss to surroundings (Btu/hr) 0
R(53) = R(56) + R(62)
54 Ambient gas temperature (°F) I (0)
55 Thermal conductance between surface of insulation T (0)
and ambient gas (Btu/hr-°F)
56 Convective heat loss to ambient gas (Btu/hr) 0
ST Ambient wall temperature {°F) I (o)
58 Thermal radiation FA factor fram surface of I (0)
insulation to ambient wall (£t°)
59 Radiative heat loss to ambient wall (Btu/hr) 0.
60 Structure temperature (2F) I {e)
61 Conductance (kA/X) between incinerator and structure I {0)
( Btu/hr-°F)
62 Conductance heat loss to the structure (Btu/hr) 0
63 Insulation surface temperature (°F) 0
64 Conductance (kA/X) between incinerator and outer I {0)
surface of insulation (Btu/hr-°F)
(1f R(64) = 0 there is no insulation)
2.4 Steady State/Transient V-Array Deta
Reference
Location Descripbion Data e
65 Totel heat transfer in the incinerstor . 0
(Btu/hr) '
66 Heat input by conduction from the heat source 0
{(Btu/hr)
67 Evaporative heat loss (Btu/hr) o
68 Heat generated by oxidation reaction (Btu/hr) 0
69 Heat of reaction (Btu/lb-oxygen) I (0)
T0 Stability time increment (seconds) 0
R-array locations R{71) to R(77) defime the incineration cycle. See Figure 1.
T1 Total cycle time (seconds) I (R)
T2 Time to constant rate drying period (seconds) I (R)
13 Time to end of drying period (seconds) I (R)
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Reference

Location Description Data Type
Th ~ Oxidation time period (seconds) ‘ I(R)
75 Gas venting time period {seconds) T 1(0)
76 Time into cyecle (seconds) 7 ' (0}
7 Number of oxidation vent cycles {number of cycles) I(R)
78 Mass of water in incinerator (1b) I(0)
or GPOLYl
79 Mass of solids in incinerator (1b) {0}
’ or GPOLY1
80 Critical moisture content (1b) . 0
81 ' Mass of carbon dioxide in incinmerator (1b) 0
82 Mass of nitrogen oxide in incinerator (1b) 0
83 Mass of ash in incinerator (1b) )
8% Mass of oxygen added per oxidation cycle (1b) I(R)
85 Mass of ash in incinerator (1b) ' 0
86 Mass of nitrogen used for venting (1b) I(R)
87 Seturation pressure (psia) -0
88 Environmental pressure for venting of exhaust
products (psia) I(R)
89 Heat source temperature (°F) _ I(R)
90 Mass transfer coefficient (lb/hr-fta—psi) I(R)
91 Evaporation surface area (fte) I{R}
92 Heat of wvaporization (Btu/1b) 0
93 Thermal conductance between heat source and
incinerator (Btu/hr-°F) I(R)
gk Effective thermal capacitance of shuttle
(Btu/1b-°F) I(R)

3.0 Analytical Model Description

Constant Rate Drying Period

During the constant-rste drying peridds, drying proceeds by diffusion of vapor
from the saturated surfsce of the materisl to the environment. The mass

transfer rate is:
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dw

dt k 4 (ps - ® )

T
¢z
n
H

where:
" = moisture contents (lbs water/l1b solids)
'dw
(EE) = drying rate, (lbs water/lbv solids/hr)
c
k = mass transfer coefficient, (1bs water/l1b solids/(hr-fta—atms) )
A = area of evaporstion surface (ftz)
Py = vapor pressure of water at solids surface temperature (éﬁms)
Pe = partial pressure of water vapor in incinerator environment

(atms)

Falling Rete Period

The falling rate drying rate is proportiocnal to the moisture contents of the

solid,

K is a function of the constant rate as follows:

-2
dt c
[
(%%) = falling drying rates (1lbs water/hr)
f
v, = critical moisture contenta (1b water/lb dry solid)

Energy Balance

During drying heat is input to the incinerator by conduction from the isotope:
heat block.
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a; = 5% (T = Ty)
where
q; = Heat conducted to incinerator from heat block (Btu/hr)
5%- = Thermel conductance (Btu/hr °F)
T, = Aversge incimerator temperature (°F)
T,z = Heat block temperature (°r)

The evaporative heat loss is given by:

1. = (3) o
where
q, = Evaporative heat loss, Btu/hr
Ahfg' = 1latent heat of evaporation, Btu/lb

Heat is lost to the surroundings by conduction to the supporting structure,

9 by convection to the cabin alr, Qs and by radistion to the cabin, qr.
These heat terms are calculated using subroutine QSURR. The analytical model
for this is provided in subroutine QSURR's writeup. The sum of the three
terms is set equal to qSURR'

Sgyrr < L Y L Y %

The temperature of the incinerator is solved using the forward difference

technique.
i (q, - q '-Q)At
e Sl - |
i i me H
p .
where
T, = Incinerator temperature at end of time step (°F)
' .
T ; = Incinerator temperature at start of time step (°F)
me =

Effective thermal capacity of incinerator (Btu/lb °F)
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The stability time increment is computed as follows:

Ime
Atstab = Te
i
where
Ime_ = Total heat capacitance of incinerator (Btu/°F)
Ze, = Sum of conductances to incinerator (Btu/hr °F)
At_i.p, = Stability time increment {hrs)

If the stability time increment is less than the system time increment, then
the number of internal passes is:setssorasito accommodate the .stability time

increment.

Incineration

Incineration occurs in the incinerator shuttle when oxygen ig introduced in
the presence of isotope heat. Typical constituents of dried incinerator splids

are listed in Table 1,

TABLE 1

CONSTITUENTS OF INCINERATOR SOLIDS

Constituent % of Total Weight Chemical Symbhol

Bacteria 30 (CH_.) NH_ COOH
‘ 2'x 3

Indigested protein _ 2-3 (c1at2)x1m3 COOH

Fat 10—2P 012 H16 0

Ruffage ' 30 c HéO

Inorganic Materials 20-30 Various
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The oxidation reactions for emch of these constituents are listed bélow

along with the heats of reaction.

Bacteria and Protein

ECHQNH3 COOH + 702 H--—a—h002 + 2N02'+ 6H20

Ah = -5680 Btu/lb oxygen

Fat

+ 16H20

2 Ci2H160 + 3102——*- 2k co

2

Ah = -5900 Btu/lb oxygen

Ruffage

p——
CH2 0+ 02 002 + H20

Ah = -6360 Btu/lb oxygen

For a typical incinerator load, 1.89 pounds of oxygen is required for each
pound of solids incinerated. The,averége heat of reaction is 5650 Btu/lb.

The heat generated by the reaction is determined from the first law of

thermodynamics.

b=l
[}

internal energy of the products {(Btu/lb)

=2
1

internal energy of the reactants (Btu/lb)

This equation can be written as:

q = I mye, o (T2-TB) - Im LIPS (TB—Tl) -~ Ah

6-INCIN-8



T, = Product temperature (°F)

T, = Initial reactants temperature (°F)

T, = 68°F, Reference temperature of reaction for ah (°F)
m, = Mass of reactants (1b)

m, = Mass of reactants (1b)

The temperature of the incinerator then becomes

' q, t a9 - g } At
T, o= T, ( i SURR
1 1 mcp

At the end of the reaction, the product gasses are vented %o the environment.

L,0 Lower Level Subroutines Called

PSAT
QBURR
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HTPIP

Component, Subroutine No. 38 - Heat Pipe

1.0 Subroutine Description

This subroutine simulates an inert gas controllable heat pipe that may be
used for temperature control of a near-isothermal sysfem for a wide range
of heat loads. As shown in the heat pipe schematic, ?igure 1, heat is
absorbed in the evaporator region and a phase change from liquid to vapor
takes place. The vapor flows to the condenser region of the pipe where
the process is reversed, vapor is condensed, and heat is rejected. This
provides the capacity for transporting large quantities of thermal energy

in a near-isothermal system.

2.0 Subroutine Data

2.1 General Notes

1. The source temperature is generally input vis GPOLY logic.

2.2 Steady State X-Array Data

Reference ‘
Location _ Description - Data Type
16 Table number for boiling temperature I(R)

of the heat transport medium as a function

of pressure.

- 2.3 BSteady State V-Array Data

Reference R
Location Description Data Type
65 Heat pipe control’temperature (°F)- I(R)
66 Temperature of source from which heat is I(R)
rejected (°F) (Input via GPOLY1 logic)
67 Conductance (kA/%) between the heat source I(R)

and the heat pipe (Btu/hr-°F)
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FIGURE 1 -~ SCHEMATIC OF INERT GAS CONTROLLABLE HEAT PIPE

NOTE:

See Section 3.0 for definition of symbols

- gas/vapor interface
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2.3 Gteady State V-Array Data

Reference

Location

68
69

70
71

T2

73

Th
75
76

7
78

79
80

81

82

Deseription
Hest pipe diameter (£t)

Length of the condensing region of the
heat pipe (£t)

Mass of the inert gas in the heat pipe (1b)

Gas constant of the inert gas used
(£t-1v/1b-°R)

Heat pipe temperature at the cold end of
heat pipe (°F) (Average temperature of gas).

Volume of inert gas reservoir of heat pipe,
(££3)

Heat pipe internal pressure.{psfa)
Heat rejected by the heat pipe (Btu/hr)

Heat transfer coefficient between surface
of heat pipe and ambient gasc(Btu/hrbftE-?F)

Ambient temperature {°F)

Temperature of the heat pipe in the evaporation
region ,( °F} '

Not Used

Convection heat transfer coefficient between
surface of heat, pipe and ambient gas
(Btu/hr-£t>-°F)

Thermal conductivity of heat pipe material

{Btu/hr-££-°F)

Heat pipe thickness (ft)

nLrLir

Data Type
I(R)

I1(R)

I(R)

I(R)
I(R)

1()

1(R)

I(R)

I{R)

I{R)

“I(R)
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3.0 Analyticel Model Description

The mathematical model simulating the inert gas controllable heat pipe is
simplified by making the following assumptions:

1. The inert gas ocbeys the ideal gas law.

2. An infinitely sharp interface exists between the inert gas and

vapor.

3. Steady state conditions exist.

There are three modes of heat rejection rate by the heat pipe considered

in this analysis. The first is when the source temperature is below the
control temperature (boiling temperature) of the heat transport medium in
the evaporator; The heat pipe in this case is treated as a fin of finite
length protruding from a heat source. The heat-flow rate from the heat pipe
to the surroundings can then be expressed by the following relatlionship.

= \/Phk.A (T4-T)tanh (‘/% L) (1)

where
. o Btu
dyp = Heat flow from the heat pipe (’"E'r' )
P = Perimeter of heat pipe (£t)
k = Pipe c0nductance (———ar*——J
A = (Gross sectional area of heat pipe (£t2)
Tq = Temperature of heat source {°F)
T = Temperature of surroundings (°F)
L = Pipe length.(ft)
h = Corrective heat transfer ccefficient hetween heat pipe

condenser and the cooling medium (Btu/hr-ft2-°F)

€-HTPIP-4



The second mode of heat transfer through the heat pipe occuré vhen the source
temperature exceeds the lower temperature level of the control temperature
band. Increasing the evaporator power level increases the vapor pressure by
moving the interface further down the pipe exposing more condenser area and
decreasing the amount of volume available for the inert gas. This process

is shown schematically in Figure 1. The algorithm adopted for the solution
of heat flow through e heat pipe for this mode of heat transfer is as follows:

1. The evaporator temperature iz first assumed to equal the
heat pipe control temperature; from which, heat flow to
the heat pipe from the heat source is computed.

kA - '
Sp (z )e(Ts'Te) (2)

where

(E%) = Thermal conductance between heat pipe and
" ®  heat source —Btu_\r '
\hr~“F } ¢

T, = Temperature of the evapcrator (°F)

T Temperature of the source (°F)

2. From the initial heat flow computation, the condenser

Qs
area, specifically the length of the condensing region of the
heat pipe is computed. o

X = aufer (n |
Hp/fmhc (T, TSURR)) (3)
where
X = Length of effective condensing region of heat pipe {ft.)
D = Diameter of heat pipe (ft.).
= ' (__._E.‘e.le___)
hc = Convective heat transfer coefficient. hr—°Fﬁfﬁa

6~HTPIP-5



HIPIP

3. The pressure of the inert gas is computed using the ideal gas . °
law ‘
=m RT /(V_ + mD(L-X) ) (W)
- Pg = mgReTe/ g . :
where

V_ = Volume of inert gas reservoir (££3)

Mass of inert gas in reservoir {1b.)

m =
g
. | ft-lb)
Rg Inert gas constant (lb-°F
Tg = Tempersture of inert gas {equals temperature of
surrounding) (°F)
Py = Heat pipe pressure (psfa)

A nevw value for evaporator boiling temperature is determined from
the input table dste relating evaporator boiling temperature to

pressure,

y, The new value for X, fﬁ;-Igﬁéth of ﬁﬁé-éohdéhsing fééibﬁ’S?”thé“ﬁéét
pipe, is compared against the last computed value and if the differer
exceeds 1%, steps 1, 2, and 3 are repeated until the two values becor
approximately equal. ‘

The third mode of heat flux through the heat.pipe occurs when the power reject.
requirements exceed the limitations of the pipe. That is, when the condensing
region of the pipe encompasses the entire surface allowable. The procedure
used in determining the heat flux is as follows:

The evaporator temperature is first computed from the predicted pressure of
the heat pipe.

b m RT

e xRy g/’vg (5)

fl

=
]

£(p,) (Table data) (€)
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where

o]

b, = Heat pipe pressure.(psfa)

Initial heat flux is computed from the initial estimate for evaporator

temperature, Te.

Ip = B "DLT ~Toypp) - (1)

A new value for T, is computed from the predicted heat flux and source

temperature
T = T - ag/(kA/R) o (8)
vhere
T, = Temperature of the source (oF)
kA/% = Thermsl conductance between source and heat pipe

(Btu/hr-°F)

and then heat flux is recomputed using equation (7).

4.0 Lower Level Subroutines and Functions Required

None.

5.0 References

1. Kreith, F., Principles of Heat Transfer, International Textbook

Company , Séranton, Pennsylvania, 1958.
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Component Subroutine No. 30.— Storage Tank

1.C Subroutine Description

This subroutine simulastes a storage tank fitted with one inlet and one

outlet on the primary side that accepts either liquid or gas

codes O or 4 for liquids; flow codes 1, 2, or 3 for gasses).

flow. (Flow
.In addition,

the tank can include the -capability of transferring heat from or to the
tank by means of fluid flowing through coils or other heat transfer devices i

which may either be attached to the tank wall or be immersed
the tank. The heating/cooling fluid comprises the secondary

in the fluid in
inlgt and outlet

flows of the tank. The schematic of the tank ia‘shcwn'below:

Primary Flow Inlet
Flow Code 0, or 4 Dry
For Liquids; 1, 2

or 3 for Gasses T
!
|
'i
h..»
Heating/Cooling Y
Flov: > *—“'\\ Pt
Secondary Flow Inlet \\\ m‘m_w__«w“’ -
R o
e Ce ; Heating/Cooling
T e 7™ TFlow out
~d ) ST ‘ Secondary Flow

Revised 4-19-73

Primary Flow
‘Out Determined

_.”___p By GPOLY Logic

or Equals Inlet
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The routine performs mass and thermalﬂbalangea for either steady state or
transient operation. It is céﬁéﬁie'of runnihg adisbatic gas ventings and
fillings as special cases. The tank is coﬁprised of a tank shell, an
nptional layer of insulation, and the tank'fluid. Two electrical heaters,
one connected to the tank wall and the bther imhersed in the fluid, are
provided for thermal control. | |

The tank exchanges heat with the enyifonmenﬁ according to the thermal model
shown in Figure 2, which is a typical model for many G189A components.

2.0 Subroutine Date
2.1 General Notes

The inlet and outlet streams of principai~concerﬁ‘aré'usually the primary flows.
The secondary flow is used only as a heat transport ﬁedium which ma& Bé
rrovided for thermal conirol of the tahk.' In some problems.there mey be no
primary source component for the tank,-'For example, the tank mayv be a storage
vessel with only a primarv flow outlet capabiiity. Even if there is no

vrimary source component, the user must enter the correct flow code and special
flow types on the KBAS card for the primary flow of the tank. The secondary
flow data may be exciuded 1f the heat addition/rejection capability in the

tank is not provided. If the heating/cooling capability is included, the
appropriate data must be entered in the KBAS and NSTR cards for the tank,

In most problems, the user will input data which specifies the initial totsl
mass and composition inside the tank. 'The'yery nature of a tank (or storage
device) is such that there is usually no relation between the flow out of the
tank and the flow in, Inlet and exit flows are,:in'geﬁeral, totally independent

-~TAN.



The user, therefore, will set the outlet flaﬁ from the tank equal to a desired
value in a GPYLYL statement in most simulsations. Only the total flow need

be specified; the individual constituent flows will be determined by the
routine from the known concentrations in the tank. The outlet flow could

be keyed to demanc schedules, evaluated from orifice equations,‘or determined

by control logic.

2.2 Instruction Cvpticns :

NESTR{1): Caleulation of cutlet flow during Steadv State

0 In steady state calculatioms the outlet flow is set equal to
the inlet flow despite any coding in GP¢LYl. In transient,
the GP@LY1l coding will be executed.

W

= 1 The outlet flow is determined by a GPULY1 statement or the

previous value if no GP@LY1 statement changes it.

NSTR(2): Steady State Heat Balance
= 0 In steady state, tank fluid temperature is equal to temperature

of inflowing stream.

= 1 The tank fluid temperﬁture is specified in R{o8) and the
negting or coeling load required to offset amvient heat losses

and fluid expansion-is calculated for steady state operation.

= 2 The tank fluid temperature is caiculated by iteration on the
steady state heat balance. '

NSTR(3):  Transient Heat Balence _
= 0 Skip the transient heat balance and proceed according to
HSTR(2) ‘

= 1 Perform transient heat balance.
NSTR(4): Initial Mass or Volume in Tank.
= O Volume, pressure, and temperature are. taken as correct in

input data. Initial mass calculated by program.

1 Mass, pressure, and tempefature'a;e taken as correct input

data. Volume calculated and used in transient runs.
NSTR(5 ) The provision for heat rejection/addition through use of secondary

flow as heat transﬁo;t medium.

6~TANKG-2
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No provision for heat rejection/addition through use of

secondary flow as heat transport medium exists.

The heating/cooling device for thermal control of the tank
is attached to the tank wall

The heating/cooling device for ‘thermal control of the tank
is immersed in the tank.’ ' .

6~TANK(
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2.3 Heat Loss V-Array Data

Reference

Location

51

61

62
63
&l

Deseription
Temperature of tenk wall, (°F)

fffective thermal conductance from tank wall
to surroundings {Btu/hr-°F)

Total heat loss to surroundings (Btu/hr)
B{53) = R(56) + R(59) + R(62) '

Ambient gas temperature (°F)

Thermal conductance between surface of insulation
and ambient gas (Btu/hr-°F)

Convective heat loss to embient gas (Btu/hr)
Ambient wall temperature (°F)

Thermel radistion A factor from surface of
insulation to ambient wall (££°)

Radiative heat loss to ambient wall (Btu/hr)

Strucsture temperature (°F)

Conductance (kA/X) between tank wall and structure

(Btu/nr-°F)

Conductance heat loss to tﬁe structure (Btu/hr)
Insulatién surface temperature {°F)

Conductance (kA/X) between tank wall and outer

surface of insulation (Btu/hr-°F)
{If RI6L) = 0 there is no insulation)

TANKG

Data Type

I(R)
I(R)

1(R)

I(R)
; I(Rf'

- 1(R)

I(R)
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2.4 Steady State V-Array Date

Keference
Location

65

66

68

69
TO
71
72
73
T4
75 .
Té
7
78
9

Description

Fluid heating or cooling load in steady state
{Btu/hr) - '

Tenk well heating or cooling load in steady state
(Btu/hr)

Effective heat transfer éonductance (UA) between
heating/cooling fluid.and the tank wall or fluid
Btu/hr ~ (°F)

Maximum weight of liquid in tank. (Full
conditions {(1bs.)

Total fluid weight in tank (1b)

Fluid temperature in tank (°F)

Fluid volume in tank (f£3)

Fluid pressure in tank (psia)

Weight of non-condensables in tank (1b)

Weight of condensable vapor (1b)

Weight of condensable liquid (1b)

Non-condensable specific heat in £ank {Btu/1b-°F)
Non-condensable molecular weight (1b)

Weight of oxygen in tank (1b)

Weight of diluemt in tank (1b)

Revised 4-19-73

TAl

Date Type
1(0)

1{0}

I(R) it
NSTR(S)>

CI(R) if
Flow co’
0 or l
1{0)
1(0)
1(0)
1(0)
1(0)
1(0)
1(0)
1{0)
1{0)
1(0)

1(0}
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Reference

Location Description Data Type
80 Weight of €O, in tank (1b) 1{0}
51 Weight of trace contaminants in tank (1o) 1(0)
2o Weight of special flow type 1 (1b) 1{0)
£3 Weight of special flow type 2 (1b) | 1(0)
8k Weight of special flow type 3 (1b) - {0}
85 Weight of special flow type 4 (1b) : I(0}
36 Weight of special flow type 5 (1b) ' | 1(0)
87 Weight of special flow type & (1b) I{0)
a8 Specifie heat of fluid in tank (Btu/1b-°R) Q
8o " Density of fluid in tank (1b/£t3) 0
90 Vigscosity of fluid (lbm/ft~hr) 0
91 Molecular weight of fluid in tank (1b/lb-mole) 0
2.5 Transient V-Array Data
Reference B
Location ‘ Degcrigtiqn E Datsa Type
92 Thermal capacitance of f;nk shell (Btu/°F) ' I(R})
(If zero, steady siate logic will be used.)
93 ' Thermal conductance between internal fluid and I(R)
tank wall (Btu/hr-°F) ' '
(If R{(91) = O process will be adiabatic.)
oh Maximum allowable temperaxhre change in one I(R)
internal compute step to avoid instsbilities
in tae heat balances (°F) (Typical value = 5°F)
95. External heat load to fluid (Btu/hr) I(R)
96 ' External heat load to tank wall (Btu/hr) I{R)
97 Rate of change of mass in tank (1b/hr) - 0
2.6 Special Input Feature
It will be noticed that refererce locatioms 69 to 57 contain informsticn u
analogous to wnat is comtained in the A or B arrays. The difference is that
vounds replace pounds/hr and R(71) contains the tank volume instead of a N
pressure. Ordinarily the user must input data values intc most of tnese
locations in order to define the initial contents of the tank.
6-TANKG -5
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There is a special option (which does not depend on flagging an NSTR variable)
which simplifies inoutting the initial contents of the tank. The user can
either (a) input the actual initial mass of each constituent, or (b) input

the percent or fraction or relative amount of each constituent. The value

for the totel mass in the tank R{69) will be takeh as correct and the mass

of the individual constituents will be calculated by a scaiing or normalizatioﬁ_

procedire.

3.0 Analytical Mcédel Description

3.1 Mass Bsalance

The rate of change of the mass of species i within the tank is given by

T P - ' (1)

3. 2 Energy Balance

An energy balance for the fluid withln the tank is develaped in this section
In words, the conservation of energy fqr an open system in the sbsence of

mechaniecal work is

Rate of change of _ Rate of flow of "Rate of flow of

. - + "
internal energy enthalpy in enthalpy out Heat adde

In mathematical notation

4au

dt (2)

i

)
e~
it 3

wi,out hi,out +a

w, .. h, |,
i ‘i,ln i,in 1

where

§] = Total internal energy of fluld in the tank (Btu)
W, = Rate of flew of species i (lb/hr)

o g
L]

Specific enthalpy of species i (Btu/1b)

Q = Rate of heat transfer into fluid (Btu/hr)

"

Number of species in the stream

6-TA
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The subscripts "in" and "out" refer to the inlet and outlet flows, respectively,

The total internal energy within the tank is given by

n :
U = Z m, u, _ R (3)
i=1 Y - | .
where
m, = Mass of species i in the tank {1b)
u, = Specific internal_energy of species i {Btu/lb)

The time derivative of U is broken into two terms as follows:

du dm : R
du b i ' :
at = Z m - +. Z ui Tat T ) (L)

For incombressible liquids and ideal. gases, the speeific internal energy uy
is a function of temnerature only, 80 that
d u, ) . . ar
dt a7 dt v, 4t

L. & o (5)

[¢]
]

The specific heat at constant volume ( Btu/1b-°R )

T = Absolute temperature (°R)

SBubstituting for AU/4t into the energy'equation, EQuation b, gi#eﬁ

ar . o Y ‘
L “vi at Z “iin ™ ,in 2 ¥1,0ut Prjout . ! u g te (8
Using the relation d my/dt = w, 5 =W, .. and defining [ m, c . = me, the
balance becomes
ar o0 [ SR o w '
me) & = ! Yidn  Miin T W ! wi,ou.jz [hi,out Yota (7)
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The svecific internal energy can be written

u, = h, - DV, , ' (8)

for ideal gases p v, = Rgi T o= (cpi‘- ?vi) T whereas for liquids (except

at high pressure) uy 1

Thus, both gases and liquid cen be handled by the same equation if we set

the e, of & ligquid equal to its cp'

Substituting for u, inmto the energy balance gives

ar
v at ¢ Yi4n

-~}

LPE R RE DI AT UV

-1 Y3, out (cpi ~e 1 T+a - (9
but
_ pTin
hi’in - hy ='z cpy AT = oy (Typ - T) for constant Cot (10)
- . :

Thus, the final energy balance emplbyed-iq_the subroutine 1s

moey g%’ = Vip %in (Tp =T +'“i£ (°p,1n -~ Cyin) T
- Vout (cp;out - cv,out) T+ q - ' .(11)
where
m = Total mass in tank (1b)
v = See v, out
T = Absolute temperature of fluia in tank (°R)
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Vin = Total rate of flow into tank (ib/hr)

Tin = Aboslute temperature of inlét stream (°R)

°p,in = Constﬁnt rressure specifiec heat of inlet stream (Btu/lb¥°Rg
®v,in =~ Constant volume specific heat of inlet stream (btu/1b-°R)
Wour = Total flo# of outlet stream (ib/hr)

o,out - Constant pressure speeific heat of out}et stream (Btﬁ{lb-°R)
. out = Constant-volume svecific heat of outlet stream (Btu/1b-°R)

Rate of heat transfer into fluid {Btu/hr)
Three checks on the overall energy balance are provided below:

Special Cases

1. Adiabatic venting Vin T 0 q = O
arT
me, & ~ Vot (cp - cv) T (12)
but Vout = f d@/dt so that
T _ 5% am dm
T_ - c—«-— -—-n—l— = (Y_l) E-—- (13}
v
T m
tn =2 = (y-1) 2 -2 (14)
T n
1 : )
T ] y=-1
-,i,—e- = -2 Q.E.D. (15)
1 1
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dm/dt

2. Adisbatic Filling Vout = 9 = v, =0
arT dm :
e - —_ - +* -
mC, at at p (Typ = T) + (e e, ) T (16)
o .
= & o (T - )
dT - _ qu— . v : -
yI, -T  m an)
in
¥, -T m . '
~gn B2 2 gy -2 : o (18}
T, ~T m
in 1
T, - ¥7T n T ,
TE“:T'Tég = El Q.E.D (19)
1~ in 2
3. Adiabatic draining of a-liquld 'cp =e, v, = o) :q =0
ar _ .
n cv ét - 0

which implies that the temperature of the liquid stays constant, which is

correct.
The external heat flow into the fluid is comprised of two terms

a = vA(T. . -T) (20)

nk * Yprecr

where

Ua = Heat transfer conductance between fluid and tank wall (Btu/hr-°R)
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Ttank = Temperature of tank wall (°F)

qelecf = A heat source term that simulates an electrical heater
immersed ir the fluid (Btu/hr)

A thermal balance on the tank shell is also made in the subroutine, to wit:

dT

“tenk |
(m T = UA (T -7 )+ Yerect = surr (21)
where
(m cp) = Thermal'capacitance of tank shell (Btu/°F)
qelect = A heat source term which simulates electrical strip hegters
mounted directly on the tank ({Btu/hr)
Qurr - Heat losses to the surroundings (Btu/hr)} (celculsted by &

standard subroutine, QSURR)

The subroutine calculetes a stable camputing time based on thermal and fluid
flow time constants. The stable computing time is then employed in & simple
© forward difference lntegration of the differentlal equations. For steady

state, the thermal balance is solved by iteration.

6-TANKG- "1
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L.u Llower Level Subroutines and Funetions Required

QSURR
PRPP

5.0 Eeferences

{1) The general energy balances were based on Chapter 15: Macroscopic

Balances for Noniscthermal Systems from

Bird, R. B., Stewart, W. Ef, Lightfoot, E. N.: Transport
Phenomena, John Wiley and Sons, Inc. (1960)
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qelec,

{ELECTRICAL ( )
HEAT LOAD TO =C T - T
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Appendix B

INPUT DATA CARDS DESCRIPTION

The complete set of Gl89A input date cards required to run the RITE
system simulation are listed in this Appendix. The input cards may be
classified into four functional groups, they are: Case Data, K & V
Component Data, Teble Data and Plot Data. A complete description of
each card and options available to the programmer are available in the
G189 Program Manual, Reference 3.

The Case Data group contains such data as necessary to specify the overall
data storage arrangement, describe the model in general and control the

execution of the case. Included are such items as:

Number of components

Start time

Pressure drop flag

Steady state and/or transient run flag
Steady state or transient mode type
Maximum number of iterations allowed
Iteration tolerances

Input/output flags

Maximum/Minimum sllowable values of system/component parameters

This group alsco contains the fluid property data (point values of heat
capacity, ratic of heat capacities, viscosity, molecular weight and thermal

conductivity) for each of the constituents of flow.

The K and V Component Data groups consists of all the data required to
specify and describe each component. These data inelude the connection

and option data entered in integer format and the numerical values



describing the physical properties of the component entered in floating
point format. The former are referred to as X array vaelues while the

latter are referred to as V array values. Some of these items are:

K Array

Component subroutine number

Primary and Secondary flow code

Primary and Secondary source flow comp. no's.
Extra storage location requirements

Table numbers for fluid property and pressure drop curves

V_Array

Physical dimensions (areas, lengthe, diameters, etc.)
Heat transfer conductance terms
Heat transfer source temperaturss

Pressure loss coefficients

Each of the K and V array card contains a descriptive comment section
which describes its function.

The Table Dsta group contains all the tables or curves referenced by the

K and V Component Data. The form of the tables may be two dimensional

(one independent variable) or three dimensional {two independent variables).
These tables relate such variables as input flows as a function of time

and heat transfer properties as a function of temperature.

The Plot Data group is included as the last portion of data in a case
when SK-4060 graphical output is desired. As many as six variables masy
be plotted in one figure. The plot cards contain "self documenting”
commentary feature. |

B-2



TAPE

BASIC 1 239 139 -1 YEA NAY
CASE RITE JOB USING 85 SOLUTION FOR CONDENSER DURING TRANS
SCASEL

KCHOUT=0, KPRNT=6y KPTINV{1)=l ,MAXSLP=hy MINSS1=2 +KRUN=1, DTIME=40.,
TIMEMX=12004 ¢MAXSS1=3 JTMAX=2000,s TMIN=-450.,WTMAX=1.E4 §
SPROPL

CPI11=14sRHO{ L) =62 4% ¢VISCI{l)= 3,6 HWTMI1}=18,0 XK (1 )=,325 .
CP(2)=.T722 RHO{2)=67.6 LVISC(2)2.3986 sWTM(2)=25,2 WXK{Z2)=.22T76 o
CPI3=,1T5,RHO(3)=.29 LVISC{3)= 036 2WTM{3)244,0  (XK{3)=.007 '
CP(l4)=,20 sRHO(14)2,01144,VISC{14)=4008 ¢WTMI141=2,0 XK {14 )=.08
CPI15)=.60 yRHD(151 =81, 7644 4VISCI15)=3R, +WIM{15)=80,]1 +XK{19)=.7
CP(l6}=,50 sRHU(1B)=T6,0  ZVISCIL16)2224 +WTMILA)I=120e $XK(1AB)=0,2
CP{5)=.25 sRHI(G)=,1 WWISCI5)=.008 TWTH{5) =44, W XK{B )=, 0H
CR{6)=425 +RHO(B)=,1 +VISC (6B D08 sWTM(6)23D, P XK (6,08
CPL17)=1., sRHND(1T7)1=6246 SVISC{1T)I=3,6 WTMI1Ti=1H, WXKI1T7)=,325%,
CP{Z25)=,60 sRHO(25)=R1,T44,VISCI25)238s yWTMIZ25)=1 0E+9XK(12)=,7
CP{26)= .50 tRHO(26) 276840  oVISCI26)1=22, (WTM{26}121,0FE+94XK(26)=20,2 o

GAMGAS=l.4y VISGAS=0.44, WTMCUN=18.y WIMDIL=2B84y WTMTC =174,
CPCONL=1.y CPCONV=0ed4y CPLOZ=0.2y CPDIL=0,25, CPOXY=0,22, CPTL=0,5,

cecne = .1789 HTMCUN‘IG- , XKL!Q-'-'-.B‘) ’

IKGAS=D e 14 §
[Dxa i COOLANT SUPPLY
NS TR 1 =0 NONE RORE
KBAS 1 “9 4] 2
VARY 1 1 280.0 COOLANT INPUT FLOW RATE(LB/HH)
VARY 1 2 35,0 COOLANT EINLET TEMPERATURE
] D 2 =0 SPLIT TO WATER COOLER DR WATER HEATER({NDRMALLY T0O COOLER} )
KBAS 2 =0 10 9 0 2 0o 2 3
NS TR 2 =00 USE UNIVERSAL SPLIT RATIO FOR ALL FiL_OWS
IDx%= 3 ~0 LIOMIX FROM HEATING LOOP {NORMALLY CODLANT FLOW)
KBAS a -0 7 20 2 120 © 2 A6
NSTR 3 =01 LUSE PRIMARY FLOW PRESS AS MIX PRESS
10%w 5 =0 SPLIT 70O HEATING LOOP (NDRMALLY CLOOULANT FLOW )
KBAS s -0 10 -34 0 2 o 2 é
NS TR 5 «~00 USE UNIVERSAL SPLIT RATIOQ FOR ALL FLOWS
1D%% 6 =0 LIQMIX FROM WATER HEATER(NORMALLY COOLANT FLOW | .
KBAS & =0 7T 50 2 119 0O 2 0
NETR 6 =0} USE PRIMARY FL(}W PRESS AS MIX PRESS
1D B -0 METERELD OUTLET CDOLANT FLOW
KBAS R -0 29 4 10 0 2 180

. NS TR 8 «00 METER TOTAL FLOW ONLY,

JO%x 9 =0 FLOW TEE TO PROVIDE FLOW T0O WATR SUPPLY AND CONLENSER
KBAS g =0 10 1 0 2 2
NSTR g =00 UNTVERSAL SPLIT RATIO
VARY 9 1 20.0 COOLANT FLO BYPASSES CONDENSER LB/HR
VARY 9 2 35, TEMPERATURE (OF THE COOLANT VEG-F
VARY 9 3 15. PRESS . P&1
VARY 9 4 15. PRESS. : PST
VARY g 20 260, COOLANT FLOWRATE THROUGH CONDENSE LB /HR
VARY g 21 35, TEMPERATURE 0OF THE COOLANT DEG-F
VARY 9 22 15.
VARY 9 23 15,
VARY 9 b5 924
[D=* 10 =0 FLO JUNCTION ALLOW FOR RETURN FLOW FROM EITMER MY FOR H20 SUPPL)
KBAS 10 =0 7 6 0 2 -238 0 2 R
NSTR 10 =03 USE MAX PRESS
IDew 21 ~0Q COMPONENT PROVIDING AIR/URINE FLOW THROUGH THE COMODE,
KBAS 21 -0 49 3 142526171819 27

B-3



NS TR
[D==
KBAS
NSTR
10O%=s
KBAS
NS TR
VARY
VARY
VARY
D%
[D%%
KBAS
NSTR
D%
KBAS
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY

KARY

KARY
KARY
K ARY
"KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
VARY
VARY
VARY
VARY
VARY
VARY

-0

-0 COMMODE MIXING THE AR FLOW WITH WATER,

-0

-0l
~0 LIQUID~GAS SEPARATOR.

-0

=01

73
Ta
75
1
2
=0

6

10 12

l.0
1.0
1.0

AIR RLUOWER 20 CFM
APPROXIMATELY 120 WATTS.

23

-0003

-0
-0
lé
17
19
20
21
22
23
24
25
26
27
28
29
a0
3)
32
33
34
35
EX)
37
a8
a9

" 40

4l

42
43
44
45
4k
41
48
49
50
51

52
53
65
49
70
71

72
73

REGENERATIVE COUNTERFLOW HEAT EXCHANGER

37 50 35
12
35

oooGon1000
0000002000
0000003000
0000004000
Q000005000
NocoNO6000
0000007000
go00008000
0000009000
0000010000
0000011000
0000012000
Apo0noTile
5000007004
4000007001
2000008007
5000008005
4000004007
2000009008
5000009006
40000090023
2000011010
4000011005
2000012011
4000012004
2000010009
4000010006
6000001117
&000002117
6000003118
5000001002
5000002003
5000006005
5000005004
7000006003
1.00

22040
400.00
1280.0
230.,0
400.00

21 3

142526171819 ~4T7 3 1425726171819 23
THE MIXED FLOW PRESSURE EQUALS PRIM SDURCE

22 3 142526171819 3 142526171819 28
EACH DUTLET CONSTITUENT USES DOwh SPLET Ravio
SPIT RATIN FOR SFE® 2 {(UREA)
SPIT RATIO FOR SF% 3 {(S500L1D5)
SPIT RATIO FOR SF% & (WATER)

+STATIC PRESS=15. INCHES WATER, REQUIRING

SUBRUUTINE FAN

14 " 67T 8 9 z29
ADD HEAT SPECIFIED IN R(9]) ONLY.

[AIR STERTILIZER]}.

28 3

24 3 14 5671789 27
NUMBER 0OF NODES
NUMBER OF HEAT TRAWSFER TERMS
STORAGE TERM,NDDE ND. )
STORAGF TERMyNODE NO, 2
STORAGE TERMyNODE NO. 3
STORAGE TERM,NODE NO. 4
STORAGE TERMNODE ND, 5
STORAGE TERMGNODE NDe 6
STORAGE TERMy NODE NO. 7
STORAGE TERM, NODE NO. 8
STORAGE TERM, NDDE NDa. 9
STORAGE TERM, NODE NO. 10
STNRAGE TERM, NODE NO. 11
STORAGE TERHM, NODE ND. 12

FLUID CONVECTION SOURCE TGO 7
WALL TO FLUIO CONVELTION &4 TO 7

WALL TO FLUID CONVECTION L TO 7
FLUID CONVECTION 7 TO 8

WALL TO FLUID CONVFCTION 5 TO 8
WALL TO FLUID CONVECTION 2 T0O 8
FLUTD CONVECTIUN .8 TO 9

WALL TO FLULID CONVECTION & 10 9

WALL TO FLUID CONVECTION 3 740 %
FLUID CONVECTION 10 TO 11

WALL TO  FLUID CONVECTION 5 TO L1
FLUID CONVECTION 11 TD 12

WALL TO FLUID CONVECTION 4 10 12
FLUID CONVECTIUN 9 T 10

WALL TO FLUID CONVECTIAON 6 10 10
CONDUCTION  SOURCE TO 1

CONDUCTION SOURCE TO 2
CONDUCTION SOURCE T 3 MEAT EROM HFEAT BLOCK
NODE TO NUDRE  CONDUCTION 1 70 2
NODE  TO NIODE  CUONDUCTION 2 70 3
NODE  TO NODE  CONDUCTION & T0O 5
NODE TO NODE  CONDUCTION 5 T0 &
NODE TO NODE  RADIATTION 6 T 3
SOLUTION CONVERGENCE TOLERANCE (DEG F
TEMPERATURE NUDE  Ne 1

TEMPERA TURE NODE  NODW 2
TEMPERATURE NODE NOD. 3
TEMPERATURE NODE  Nide &
TEMPERATURE NODE N0, 5

B-h



VARY 25 74 1250,0 TEMPERATURE NODE NOD. 6

VARY 25 75 1200.0 TEMPERATURE NGDE NO. 7

VARY 25 76 200.00 TEMPERATURE NODE NG. &

VARY 25 77 1200.0 TEMPERATURE ‘NODE  NO., 9

VARY 25 78 1200.0 TEMPERATURE NODE NOLLO

VARY 25 79 1200.0 TEMPERATURE NODE  NOW1 L

VARY 25 B0 1200.0 TEMPERA TURE NODE ND.12

VARY 25 A1 0.768 CAPACITANCE NODE NO. 1

VARY 25 82 0,252 CAPACITANCE NODE NO, 2

VARY 25 83 0,126 CAPACITANCE NUDE ND, 3

VARY 25 B84 0,.1078 CAPACITANCE NODE ND, 4

VARY 25 85 00,3895 CAPACITANCE NUDE NO. 5

VARY 25 84 0.1100 CAPACITANCE NODE NO. &

VARY 25 B7 0. CAPACITANCE NODE ND, 7

VARY 25 88 0, CAPACITANCE NODE ND., B8

VARY 25 B9 p, CAPACITANCE NDDE NO. 9

VARY 25 130 0, CAPACITANCE NODE NO. 10

VARY 25 91 0, CAPACITANCE NODE 'NO. 11

VARY 25 92 o, CAPACITANCE NODE HND. 12

VARY 25 93 },p FLUID CONVECTION. SOURCE ¥ 7
VARY 25 94 3,3} WALL TO FLUID CONVECTION 4 TO 7
VARY 25 95 3,0 WALL T FLUYID CONVECTION 1 TO 7
VARY 25 96 1,0 FLUTD CONVECTION 7 T A

VARY 25 97 32, WALL TO FLULD CONVECTIDN 5 70 8
VARY 25 98 3,0 WALL TD FLUTD CONVECTION 2 TD 8
VARY 25 99 1,0 FLUID} CONVECTION 8 TO 9

VARY 25 100 3,3
VARY 25 101 3,0

VARY 25 102 1.0 FLUTD  CONVECTIUN 10 T0 11
VARY 25 103 32,
VARY 25 104 1.0 FLUID CONVECTION 11 TD 12
VARY 275 105 }.4 WALL TO FLUID CONVECTINN 4 T0 12
VARY 25 106 1.0 FLUID CONVECTION 9 T0O 10O
VARY 25 107 2.3 WALL TO FLUTD CONVECTION & T0 10
VARY 25 108 0.7 CONDUCTEION SDURCE TO 1
VARY 25 109 0.7 CONDUCTION SOURCE TO 2
VARY 25 110 2000. CONDUCTIGN  SUURCE TO 3
VARY 25 111 0.0275 NODE TO  NODE CONDUCTION 1 70 2
VARY 25 112 0,0275 NOUE 7O NUDE CONDUCTION 2 70 3
VARY 25 113 0,.1874 NODE TO NODE CONDUCTION 6 T 5
VARY 25 114 0.1874 NODE TO NODE CONDUCTION 5 TO 4
- VARY 25 115 .135 INLET TEMPERATURE (DEG F)
VARY 2% 116 100,0 INLET TEMPERATURE (DEG F)
VARY 25 117 250.0 ENVIRONMENTAL TEMPERATURE (DEG F)
VARY 25 118 1280.0 HEAT BLOCK TEMPERATURE {DEG F)
I0*% 27 ~0 FLOWMETER TO MEASURE THE FLOW NUT OF THE ALR STERILIZER.,
KBAS 27 -0 29 10 2% 3 14 56 789 203
NSTR 27 =00 METER TOTAL FLOW
ID*% 28 -0 FLOW JUNCTION PROVIDES MEANS OF INTRODUCING AIR FROM WATER La0w
KBAS 28 -0 & 23 3 142526171819 232 3 14567849 24
NSTR 28 =02 SECONDARY PRESSURE# MIX PRESSURE

[O%% 4] -1 FLUSH WATER TANK WITH INTERNAL HEAT EXCHANGER OUTLET FLOW
ID®% &1 2 DETERMINED B8Y GPOLY LOGIC STEADY STATE AND TRANSIENT HEAT AL

KBAS 41 -0 30 45 & 141516 11819 ~124 0 1 43
NSTR 4l 12017 © . DUTFLO=GPOLY, INTERNAL HX

VARY &1 51 100, TANK TEMP DEG-F
VARY 41 54 75, AMBIENT GAS TEMPERATURE F
VARY 41 60 80. STRUCTURE TEMP, F
VARY 41 61 2.77774 CONDUCTANCE BETWEEN TNK WALL/STRUCTURE R /M ~F

B~5



VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
Bt
KBAS
NSTR
D%
KBAS
NS TR
ID*%x
KBAS
NSTR
10%%
KBAS
NS TR
1D%%
KBAS
NSTR
D%

KBAS

"NSTR
ID%®%
KBAS
NSTR
ID%=
KBAS
NS TR
1 0%
KBAS
NSTR
VARY
- VARY
iD*%
KBAS
NS TR
1D%%
KBAS
NSTR
[D%=
KBAS
NS TR
10%*%
D#%
KBAS
NS TR
VARY
10%%
KBAS
NS TR

&)
41

41
4]
41
41
41
41
Gl
41
41
41
43
43
43
44
44
44
45
45
45
46
46
46
47
47
a7
48
48
48
49
49
49
50

50
51
51
51
31
51
6l
61
61
62
62
62
63
63

63

64
b4
64
64
64
65
65
65

67 578 EFFECTIVE UA BETWEEN HEAT EXCHANGER TO FLUID

68 40.0 MAXIMUM CAPACITY OF TANK (LB}

69 30, TOTAL FLUID WEIGHT IN TNK LBS

70 100, FLUID TEMP IN TNK F

71 «4BOT7Y FLUID VOLUME IN TNK Fr#x3
72 15. FLUID PRESS IN TNK PSI

85 30. WEIGHT OF CONDENSABLE LIQUID . LRS

88 1, 'SPECIFIC HEAT OF FLUTIDS IN TNK B/LRB-F
92 THERMAL CAPACITANCE NF TNK SELL ATU/F
93 100, CONDUCTANCE INTERVAL FLUID/TNK B /HR =F
94 5.0 MAX ALLOWABLE TEMP CHANGE . F

95 EXTERNAL HT LOAD TO FLUID A TU/HR
96 EXTERNAL HT LDAD T0O SHELL BTU/HR
-0 PIPING TEE PROVIDING FOR MEANS OF STORING THE ECS CONDENSATE

-0 7 41 &4 141516 11819 -51 4 141516 11819 indy
-0

«~0 PUMP USED FUR CIRCULATING AND PUMPING THE FLUSH WATER,

-0 22 3 & 141516 11819 45
~00002 ADD HEAT SPECIFIED NO OTHER CALCULATIONS REQRO
~0 VALVE DIRECTING THE FLOW TD EITHER THE TANK OR WASTE MANG SYS
-0 10 5 44 4 141516 11819 4 141516 11819 46
-00 USE UNIVERSAL SPLIT RATIN ALL CONSTITUENTS
-0 PIPING TEE DIRECTING FLOW TO URINE SYS AND/OR SOLID PROC SYS

-0 10 5 -45 &4 141516 11819 4 161516 11819 47
-00 USE UNIVERSAL SPLIT RATIO ALL CONSTITUENTS
~0 VALVE SIMULATED BY DUMMY COMPONENT TD THE COMMODE
-0 49 46 4 1641516 11819 48
-Q0 VALVE CONTROLLING FLOW TO COMMODE PASS 0ATA
-0 PIPING TEE DIRECTING FLOW TO THE DEFECATEON AND/OR TRASH UNIT
-0 10 5 -46 4 141516 11819 4 141516171819 49
-00 | USE UNIVERSAL SPLIT RATIN ALL CONSTITUENTS
-0 VALVE SIMULATED BY DUMMY COMPUNENT TO TRASH PROCESSING UNIT,

-0 49 48 4 141516 11819 50
-00 VALVE CONTROLING FLD TO SHRENER PASS DATA
~0 VALVE SIMULATED BY DUMMY COMPDNENT, TD THE DEFECATION UNLT,

-0 49 -48 4 141516 11819 21
-00 VALVE CONTROLLING FLO TO CRAPPER PASS DATA
~0 CONDENSATE [NPUT FROM ECS PRESPTRATION/RESPIRATION

~0 49 4 141516 11819

-00 NONE REGQRD

2 70.064 ECS CONDENSATE INPUT TEMPIDEG F})

17 0.834 ECS CONDENSATE INPUT FLOW {LB/HR)

-0 FLOW METERING OF GASSES OUTFLOWIN FROM CONENSING TNK

-0 29 17 -237 3 14 62
-01 METER ALL CONSTITUENT FLOWS

<0 FLOW CONTROL VALVE SIMULATED BY LTOMEX
-0 10 . 2370 1t 65 0 1 b3
-03 : USE PRESS FROM PRINC SOURCE
~0 WATER PUMP USED IN PUMPING FLOW FROM EITHER/TD WATER AGCU.
-0 22 620 1 b4
~00002 ADD HT SPECTIFIED ND NTHER CALCS REQRD

"1 TEE WHICH PROVIDES A MEANS OF FLOWING WATER FROM THE ACCUMUL ATOR
2 TANK R FROM THE CONDENSING TANK

-0 10 63 0 1 65

~00 PRIMARY SOURLCE PRESSURE USED

65 1.0 . QUMP DIRECTLY TO ROTABLE WATER UNIT

=0 WATER SINE OF WATER ACCUMULATOR CYCLIC OPERATION

-0 30 64 0 1 66
12010 | . OUTFLO=GPOLY WNO INTERNAL HX
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VARY &% S1 B5,.,0 TANK TEMP BEG~F

VARY &5 B4 75, - AMBIENT GAS TEMPERATURE DEG-F
VARY 65 55 1, THERMAL CONDUCTANCE BETWEEN SURFACE AND AMB R/HR ~F
VARY 65 57 80, AMB WALL TEMP DEG~F
VARY A5 658 ,22 RADIATION o FAs FACTOR F T2
VARY 65 60 BO, STURCTURE TEMP DEG-F
VARY 65 &1 1, CONDUCTANCE (KA/X) TANK TO STRUCTURE A FHR ~F
VARY &5 &8 10, CAPACITY OF TANK LBS.
VARY 65 &9 10. INITIAL WEIGHT OF TNK LBS.
VARY 65 TO As, INFTIAL TEMPERAT 0NF TNK F=DEG
VARY &5 T1 .14 TANK VOL UME ET®a3
VARY &5 72 15, TANK PRESSURE Psi
VARY 65 75 10, WEIGHT OF LIQUID IN TNK LA
VARY 65 B8 1. CP OF FLUID IN TANK B/LB-F
VARY 65 89 62,6 DENSITY OF FLUID IN TNK LB/FTCU
VARY &5 90 3.6 VISCDOSITY OF WATER
VARY &5 91 18, MOLECUCULAR WE IGHT OF FLUID IN TAMK LB/ B=MDLE
VARY 65 92 .5 THERMAL CAPACITANCE OF TNK SHELL R/701
VARY 65 94 5,0 MAX ALLOWABLE TEMP CHANGE F-DEG
1D%x% 66 =0 FLOW METER FOR MEASUREMENT DF WATER FLOW,
KRAS &6 =0 29 4 64 0 1 9
NSTR 66  -00 METER TOTAL FLOW ONLY
10%¥% BO -0 TEE PROVIDING FLOW TO 2 OTHER SPL1TS NO.-B1 AND R2 SIMULTD BY SPLIT
KRAS 80 =0 toO 66 0 1 o 1 A1
NSTR BO =00 UNTVERSAL SPLIT RATIO FOR AL CONSTI TUENT FLODS
10%% Bl -0 TEE PROVIDING FLOW TO TNKS 1 AND 2 STMULATED BY SPLLT
KBAS 81 -0 10 BO O 1 o 1 A2
NSTR Bl =00 , UNIVERSAL SPLIT RATIO FOR AL CONSTITUENT FLOS
[D®% A2 =0 TEE PRUOVIDING FLOW TH TNKS 3 AND 4  SIMULATED BY SPLIT
KBAS B2 =0 10 -80 0 1 0 1 83
NSTR 82 =00 : UNIVERSAL SPLIT RATIO FOR AL CONSTITUENT FLOS
I0%% B3 =0 POTARLE STORAGE TNK &4 (TANKG)
KBAS H3 =0 30 B2 O i 115 0 1 A4
NS TR B3 12012 DUTFLO=GPOLY s INTERNAL HX
VARY 83 51 150, FANK TEMP - DEG-F
VARY B3 54 75. AMBIENT GAS TEMP F
VARY 83 57 75. AMBIENT WALL TEMP F
VARY A3 60 R0, STRUC TURE TEMP F
VARY 83 61 3,15369 CUNDUCTANGCE TNK WALL/STRUCTURE B /Hit =F
VARY H3 &4 0. CONDUGCTANCE THK WALL/INSULATIUN SURFAGE BTU/HR =F
VARY 3 6T 6.656254 THERMAL CONMMICTANCE OF HEATING TUBES

- VARY A3 68 41,5 MAXIMUM FLUID WEIGHT IN TANK (LB}
VARY 83 49 20.0 INTTLAL WELIGHT 1F WATER TN TANK (LA}
VARY A3 T0 1%0. JEMP OF FLULD F
VARY 83 Tl 609 FLUID VILIIME TN TNK FT%%x3
VARY R3 72 15, PRESS P81
YARY 83 A8 l.0 SPECIFIC HEAT OF FLUID IN TNK R Y3/ B~F
VARY 83 92 1.0 THERMAL CAPACITANCE OF TANK (BTU/DEG F)
YARY 83 93 100, THERMAL CONDUCTANCE RETWEEN FLUIU AND WALL{BTU/H=-F)
VARY 83 94 5.0 MAX ALLOWABLE TEMP. CHANGE IDEG @)
ID%% R4 =0 POTABLE STIRAGE TNK 3 {TANKG)
KBAS B4 <0 30 -2 0 1 114 0 1 ET
NSTR B4 12012 DUTFLU=GPOL Y, INTERNAL HX
VARY &4 51 150, TANK TEMP DEG-F
VARY B4 54 75, AMBIENT GAS TEMP P
VARY "4 57T 754 AMRIENT WALL TEMP F
VARY B4 &0 80D, STRUC TURE TEMP E
VARY 84 61 3.,15369 CONDUCTANCE THNK WALL/STRUCTURE BFHR -F
VARY B4 64 0. CONDUCTANCE TNK WALL/INSULATFINN SURFACE B/ HR ~F
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VARY
VARY
VARY
VARY
VARY
VAR Y
VARY
VARY
VARY
VARY
I D
KBaS
NS TR
[D#=%
K8aS
NSTR
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
I D%
KBAS
N5 TR
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
. VARY
VARY
VARY
VARY
VARY
VARY
TD%x%
KBAS
NSTR
[D#*%
KBAS
NS TR
1Dk
KBAS

67 6.656254 THERMAL CONDUCTANCE OF HEATING TURES

68 41.5 MAXIMUM FLUID WELIGHT IN TANK (LB)

69 20,0 INITIAL WEIGHT OF WATER IN TANK (LB)

70 150. TEMP OF FLUID F

TL +609 FLUID VOLUME IN TNK FTexs

T2 15, PRESS PS5

BB 1.0 SPECIFIC HEAT OF FLUID IN THNK ’ BTU/L B~F

92 1.0 THERMAL CAPACITANCE OF TANK (RTU/DEG F)

93 100. THERMAL CONDUCTANCE BETWEEN FLUID AND WALL (BTU/H=F)

94 5,0 MAX ALLOWARLE TEMP, CHANGE (DEG )

-0 JUNCTIUN TO MERGE FLO FROM TNKS 3 AND & {LEIGMIX)

-0 7 83 0 1 -84 0 1 R7

-00 USE MIN PRESSURE AS MIXED FLO PRESS

~0 POTABLE STUORAGE TNK 2 (TANKG}

~0 30 -81 O 1 113 ¢ 1 AR
12012 ODUTFLO=GPOL Yy INTERNAL HX

51 150. TANK TEMP DEG-F

56 75, AMBLENT GAS TEMP F

57 75. AMBIENY WALL TEMP F

60 80. STRULCTURE TEMP F

61 3,.,15369 CONDUCTANCE TNK WALL/STRUCTURE B/HR =F

64 O, CONDUCTANCE TNK WALL/INSULATION SURFACE B HI/HR =F

67 6.656254 THERMAL CONDUCTARCE OF HEATING TURES !

68 41,5 MAXEMUM FLUID WEIGHT IN TANK (L8}

69 20.0 INITIAL WEIGHRT OFf WATER N TANK (LB}

70 150. TEMP UF FLUID F

Tl 609 FLULD VOLUME IN TKK L

T2 15, PRESS PSI

B8 1.0 SPECIFIC HEAT OUF FLUID IN TNK ETU/ALB-F

92 1.0 THERMAL CAPACITANGE (F TANK (RTU/DEG F)

93 100. THERMAL CONDUCTANCE BETWEEN FLUTD AND WAL IBTU/H=F])

94 5,0 MAX ALLOWABLE TEMP, CHANGF (DEG )

-0 POTABLE STORAGE TNK 1 (TANKG)

-0 30 8l 0 1 112 0 1 Bh
12012 OUTFLO=GPOLY y INTERNAL HX

51 150, TANK TEMP NEG-F

54 75, AMBIENT GAS TEMP F

57 75. AMBIENT WALL TEMP F

60 80, STRUC TURE TEMP F

6l 3.15369 CONDUCTANCE TNK WALL/STRUCTURE B/HR~F

64 0, CONDUCTANCE TNK WALL/INSULATION SURFACE  BTU/HR-F

67 64656254 THERMAL CONDUCTANCE (OF HMEATING TUBRES

68 41.5 MAXIMUM FLUID WEIGHT IN TANK {LH)

69 20,0 INITIAL WEIGHT OF WATER IN TANK (LB}

70 150. TEMP OF FLULD F

71. .609 FLUID VOLUME [N TNK F V%3

72 15. PRESS BS1

A8 1.0 SPECIFIC HEAT OF FLUID IN ThK BTU/LB-F

92 1,0 THERMAL CAPACITANCE OF TANK {BTU/DEG F)

93 100. THERMAL CONDUCTANCE BETWEEN FLUID AND WALL (BTU/H~T)

94 5,0 MAX ALLOWABLE TEMP, CHANGE (DEG t)

=0 JUNCTIUN TO MERGE FLO FROM TNKS 1 AND 2 {LIOMIX)

-0 7 86 O 1 =87 O 1 90

-00 USE MIN PRESSURE AS MIXED FLD PRESS

=0 JUNCTIUN PRUVIDES MEANS OF UTILIZING EMERGENCY POTABLE wWATER SUPPL

-0 7 85 0 1 -90 D 1 91

-00 ' USE MIN PRESSURE AS MIXED FLD PRESS

-0 EMERGENCY POTABLE STORAGE TNK (TANKGI

-0 30 o 1 . 116 0 1 89
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NSTR
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
YARY
VARY
VARY
{Dw%
KBAS
NSTR
1D%=
KBAS
NS TR
1D%%
KBAS
NSTR
VARY
I
KBAS
NSTR
VARY
LT
KBAS
NSTR

[owe .

KBAS
NS TR
[D%*%
KBAS
NSTR
1 D%
KBAS
NS TR
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
VARY
VARY
VARY
VARY
VARY
VARY

90
0
S0

90
90
90
90
90
90
T}
90

90
90

90
90
91
91

91
92

92
92
93
93
93
93
94
94
94
94

95
95
96
96
96
99

99
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

12012 DUTFLO=GPOLY ¢ INTERNAL HX

51 150. TANK TEMP DEG-F

54 7%, AMBIENT GAS TEMP F

57 15, AMBIENT WALL TEMP F

60 §o, STRUCTURE TEMP F

61 3,15389 CONDUCTANCE TNK WALL/STRUCTURE B/HR~F

64 0, CONDUCTANCE TNK wWALL/ INSULATION SURFACE BH)AHR ~F

6T b.65A254 CTHERMAL CUONDUCTANCE OF HEATING TUBES

69 41,0 INITIAL WEIGHT 0OF WATER IN TANK {LB)

70 L50. TEMP OF FLUID F

71 609 FLUID VOLUME IN TNK FTex3

T2 15. PRESS PSI

B8 1.0 SPECIFIC HEAT OF FLULD IN TNK BTU/LA-F

92 1.0 THERMAL CAPACITANCE OF TANK (BTU/DEG F)

93 100. THERMAL CONDUCTANCE BETWEEN FLUTD AND WALL (BTU/H=F)

94 5,0 MAX  ALLOWABRLE TEMP., CHANGE (DEG &)

=0 JUNCTION PROVIDES OF MERGING ALL POTABLE WATER SiIPRLY  {LIOMIX)

-0 7 BG O 1 -88 O 1 99

~-08 USE MIN PRESSURF AS MIXE# FiLft PRESS

«0 TEE PROVIDING FLUOW TO WATER CODLER/HEATER SIMULATED BY SPLITY

-0 10 31 0 1 0 1 93

-00 UNTVERSAL SPLYT RATIO FOR AL CONSTITUENT FLOS

-0 WATER COOLFR SIMULATED BY ANYHX

-0 & 92 0 1 ~118 0O 1 9%
200020000 0000001 COUNTERFLOW, LIQ-LI0 =~SS CALCULATION

66 12,0 OVERALL UA BTU/HR~F

-0 WATER REATER SIMULATED BY ANYHX

-0 & ~92 0 1 -3 N 2 94
200020000 0000001 COUNTERFLOW, LIR-L1G ==55 CALCULATINON

66 1240 OVERALL UA BTU/HR~F

-0 FLOWMETER SIMULATED BY FLOMET

-0 29 4 93 0 1 Y4

=00 METER TOTAL FLD ONLY

«0 FLOWMETER SIMULATED RY FLOMETY

-0 29 & 94 O 1 5

-00 METER TOTAL FLO ONLY

-0 WATER DELIVERY PUMP

-0 22 91 0 1 g2

-00062 ADD HEAT ONLY

=0 LOW TEMPERATURE RADIQISOYTNPE HEATER

-0 37.14 9 137 0 102

~00 USE CURRENMT STMULATION TIME

16 3 NUMBER OF NODES :

17 9 NUMBER OF HEAT TRANSFER TERMS

19 0000001000 STORAGE TERM NU 1 (BTU/F)

20 0000002000 STOKAGE TERM NQO 2 (BTU/F)

21 0000003000 STORAGE TERM NB) 3 {BTUZF)

22 3000001082 FLUID CONVECTION SOURCE TO NDODE TERM [B/HR-F)

23 5000002001 CONQUCTANCE NODE 1 TO NODE 2 (B/HR-F}

24 5000003001 CONDUCTANCE NODE 1 TOD NODE 3 (B/HR-F)

2% 000003002 CONDUCTANCE NODE 2 T1) NODE 3 (PB/HR-F}

26 6000003081 CONDUCTANCE NODE 3 TO SURROUNDINGS (R/HR-=F)

27 1000002080 HEAT GENERATION TERM RTU/HR

65 2.5

66 0, PERIOD (NDT RORD)

67 0, INITLAL DISPLACEMENT OF INDEPENDENT VARBL NOT RQRL

&8 : CALCULATION TIME STEP. (SECONUS)

69 185,0 TEMPERATURE OF NODE 1 {(DEG F)

70 6460,0 TEMPERATURE 00 NODE 2 IDEG F)
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VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
] D%
KBAS
NS TR
VARY
VYARY
VARY
VARY
VARY
VARY
VARY
YARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
YARY
VARY
VARY
VARY
1D=%
KBAS
NSTR
S D%
KBAS
NS TR
1 Dw
KBAS
NSTR
VARY
D
KBAS
NSTR
T D%
KBAS
NS TR
10%=
KBAS
NSTR
10%
KBAS
NS TR
VARY
ID%%

100

100
100
100
100
100
100
100
100
100
100
100
101

101
101

101
101

101
101

101
101

101
101

i01l
101
101
101

101
101

101
io1
191
101

101
101

102
102

102
103
103
103
104

104

104
104
105
105
105
106
106
106
107
107
107
108
108
108
108
109

71 170.27 TEMPERATURE DOF NODE 3 DEG=-F

T2 2. CAPACITANCE NODE 1 (BTU/F)
73 20. CAPACITANCE NDDE 2 {(BYTU/F)
T4 240. CAPACITANCE NODE 3 (BTU/F)
75 603.0 FLUTD CONVECTION wWCP  SOURCE TO NODE 1 (B/HR-F)
76 B.61 . CONDUCTION NODE 1 T0 NODE 2 (B/HR-F)
77 B.567 CONDUCTION NODE 1 TD NODE 3 (B/HR-F}
78 2.45 CONDUCTION. NODE 2 TO NODE 3 {B/HR-F)
79 18.8 CONDUGCTION NODE 3 TN SOURCE,SURROUNDINGS {(R/HR-F)
RO 5120. HEAT GENERATED (BTUSHR) :
81 80, © EFFECTIVE TEMPERATURE OF THE SURROUNDINGS
82 179.0 TEMPERATURE OF INLET STREAN (DEG F)
-0 EXPANSION TANK SIMULATED BY TANKS
-0 30
12010 ODUTFLOD=GPOLY «NO INTERNAL HX
51 100, TANK TEMP DEG-F
54 75, AMBIENT GAS TEMPERATURE DEG-F
55 401 THERMAL CONDUCTANCE BTWM SURFACE UF INSULATION/GAS
57 TOe. AMB IENT WALL TEMPERATURE DEG=F
58 1.2 THERMAL RADIATION FA FACTOR FTrxp
60 140, STRUCTURE TEMPERATURE DEG=F
61 005 CONDUCTANCE KA/X T THE STRUCTURE B/HR -F T=F
64 0. NO INSULATTION
68 3.5 FLUID CAPACLITY UF WATER ACCUMULATOR L RS
69 2.0 TOTAL FLULID WEIGHT IN TNK LAS.
70 100. FLUID TEMP, IN THNK F
71 -0320512 FLULID VOLUME N TNK FTex3
72 15.0 FLUID PRESS IN TNK pPSIT
15 2.0 WEIGHT OFf CONDENSABLE L]IQUID L RS
88 1.0 SPECIFIC HEAT OF FLUIDS IN TNK B8/t B-F
92 THERMAL CAPACITANCE OF TNK SHELL BTU/F
93 CONDUCTANCE BETWEEN INTERNAL FLUID TNK BTU/HR=F
94 5.0 MAX ALLOWABLE FEMP CHANGE F
g5 EXTERNAL HT LOAD TO FLUID B TU/HR
g6 (. EXTERNAL KT Ti} SHELL B TU/HR
-0 L1OMIX FROM EXPANSION TANK
-0 7 101 © 1 -i00 0 1 103
=01 MIX PRESS DEPEMDENT ON PRINCIPAL SOURCE
-0 SPLIT TO PUMPS
-0 10 102 0 1 0 1 104
=0 USE UNIVERSAL SPLIT RATIO FOR ALL FLDWS
-0 CDOLANT PUMP NO, 1
-0 22 103 0O 1 . 105
-00002 ADD HEAT SPECIFIED NO OTHER CALCULATIONS RORD
85 10. HEAT ADOED TO FLUID STREAM WATTS
-0 COOLANT PUMP NO, 2
-0 22 -103 © 1 106
-00002 ADD HEAT SPECIFIED N0 OTHER CALCULATIONS RORD
-0 LIQM]I X FROM PUMPS
-0 7 104 O 1 -10% 0 1 107

MAX PRESS OF TwWD SOURCES
=0 SPLIT ARODUND EVAPORATOR

-0 10 106 0 1 0 1 108
-00 USE UNIVERSAL SPLIT RATID

-0 SPLIT TD EVAPORATOR

-0 10 107 0 1 : 0 1 109
-00 USE UNIVERSAL SPLIT RATIO

65 D,070646872 SPLIT TO EVAPORATOR

~0 EVAPORATOR COOLING LIQUID CONTROL VALVE
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KBAS 109 -0 10 -108 O 1 0 1 i1z

NSTR 109 1 USE S5 SOLUTION DURING TRANSIENT yMAX PRESS

VARY 109 1 360. HTNG FLUID FLOWRATE LB/HR

VARY 109 2 157.5 HTNG FLUTOD TEMP, F

VARY 109 3 15, HTNG FLUID PRESS PSI

VARY 109 4 15, HTNG FLUID PRESS PSI

ID** 110 ~-0 LIOQMIX FROM EVAPORATOR _

KBAS 110 -0 7 -189 0 1 ~239 0 1 111

MSTR 110 =03 MIX PRESS DEPENDENT ON PRINCIPAL SOURCE

IDex 111 =0 LIQMIX FROM BYPASS AND EVAPORATOR

KBAS 111 -0 7 110 0 1 107 0 1 134

NSTR 111 MAX PRESS OF TwO SOURCES

ID®* 112 -0 SPLIT 70 POTABLE WATER STORAGE TANK NO.1}

KBAS 112 -0 10 108 O i 0 1 113

NSTR 112 =00 USE UNIVERSAL SPLIT RATIO

VARY 112 &5 0,1322 SPLIT TO TANK NO, 1

ID*% 113 -0 SPLIT TO POTABLE WATER STORAGE TANK NO.2

KBAS 113 -0 10 112 0 1 0 1 11n

NSTR 113 -00 : USE UNIVERSAL SPLIT RATID

VARY .113 65 0.15233 SPLIT TD TANK NO, 2

1D*% 114 -0 SPLIT 1O POTABLE WATER STORAGE TANK NO.3

KBAS 114 -0 10 113 0 1 0 1 115

NSTR 114 =00 USE UNIVERSAL SPLIT RATID

VARY 114 65 0,1797 SPLIT TO TANK ND, 3

[D%¥% 115 =0 SPLIT TO POTABLE WATER STORAGE TANK N o4&

KBAS 115 =0 10 114 0 1 : 0 ] 116

NSTR 115 =00 . USE UNIVERSAL SPLIT RATIO

VARY 115 &5 0.21907 SPLIT TO TANK NO, 4

I0®% 116 =~0 SPLIT TO POTABLE WATER STORAGE TANK NO.S

KBAS 116 -0 10 115 0 - 1 0 1 117

NSTR 1is -00 USE UNIVERSAL SPLIT RATIO

VARY 116 &5 0,2805 SPLIT 70 TANK NO, 5

IDs* 117 =0 SPLIT 7O WATER HEATER

KBAS 117 -0 10 1164 .0 1 0 1 118

NSTR 117 ~0Q0 ' USE UNIVERSAL SPLIT RATIO

VARY 117 65 0.36842 SPLIT TO WATER HEATER

1D%% 118 -0 BYPASS LIOMIX FRDM CODL ING LOODP{NORMALLY HEATING LOOP FLOW)

KBAS 118 -0 7 -117 0 1 20 2 120

NSTR 118 MAX PRESS 0OF TWD SOURCES

I0%% 119 -0 LIQUID SPLIT TO COOLING LOOP(NDRMALLY HEATING LCOP)

KBAS 119 =0 10 -93 0 ] 128
- NSTR 119 ~00 USE UNIVERSAL SPLIT RATIO

VARY 119 &% 0. ALL FLOW TO HTNG LODP .

10%% 120 =0 SPLIT TO WATER COOLER(NORMALLY ND HEATING FLOW)

KBAS 120 -0 10 117 0 i 0 1 121

NSTR 120 =00 USE UNIVERSAL SPLIT RATIO

VARY 120 65 0.0 0,0 PER CENT FLDW TD WATER COOLER

ID%% 121 =0 SPLIT TD AIR HEATER AND WARM FLUSH WATER TANK

KBAS 121 =0 10 120 0 1 0 1 122

NSTR 121 -00 USE UNIVERSAL SPLIT RATIO

VARY 121 65 0.58333333 SPLIT TO AIR HEATER

10%% 122 =0 LIOUID CONTROL VALVE TO AIR HEATER

KBAS 122 -0 10 ~-121 1 D } 124

NSTR 122 =00 . , USE UNIVERSAL SPLIT RATIO :

VARY 122 65 1. . ALL FLOW BYPASSES AIR HEATER,

[D¥2 123 ~0 LIOMIX AT AIR HEATER

KBAS 123 -0 7 -204 O ] 122 0 1 126

NSTR 123 -03 MIX PRESS DFEPENDENT ON PRINCIPAL SOURCE

ID*® 124 =0 LIQUID CONTROL VALVE TO WARM FLUSH WATER TANK
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KBAS
NSTR
VARY
[D**
KBAS
NS TR
FD#*%
KBAS
NS TR
[D%*x
KBAS
NSTR
[ D=
KBAS
NS TR
I1D&=%
KRAS
NSTR
k1]
KBAS
NS TR
IO ET]
KBAS
NSTR
10==
KBAS
NS TR
[pxx
KBAS
NS TR
T D%
KBAS
NS TR
O EE]
KBAS
NSTR
VARY
YARY
VARY
VARY
{Dex
KBAS
NS TR
D%
KBAS
NSTR
VARY
VARY
VARY
VARY
VARY
VARY
%=
KBAS
NS TR
ID*=
0%
KBAS
KARY

124
124
124
125
i2%
125
126
126
126
121
127
127
128
128
128
129
129
129
130
130

131
131
131
132
132
132
133
133
132
134
134
134
135
135
135
135
135
135
135
136
1346
136
137
137
L37
137
137
137
137
137
137
139
139
139
180

180
1 80

-0 10 121 O 1 0 1 41

=00 USE UNIVERSAL SPLIT RATIO

6% 0. ALL HING FLUID FLOWS THROUGH FLUSH WATR TNK
=0 LIQMIX AT MA[N FLUSH WATER TANK

-0 1 -41 O 1 124 O 3 123

MAX PRESS OF TWQ SOURCES

-0 LIQMIX FROM AIR HEATER AND FLUSH WATER TANK

-0 1 125 0 1 -123 0 | 127
MAX PRESS OF TwWwQ SOURCES

-0 LIQMIX FROM WATER CODLERINORMALLY NO FLOWI

-0 7 1726 0 1 5 0 1 119
MAX PRESS OF TWO SOURCES

-0 LIOMIX FROM WATER HEATER

-0 7 127 0 ] -119 0 1 129
MAX PRESS [F TWD SOURCES '

-0 LIOMIX FROM WATER NiJ.5

-0 7 128 0 1 90 1 130
MAX PRESS {IF TwWO SOURCES

=0 LIQMIX FROM WATER NO.&

-0 7 129 0 1 LEN) 1 13]
MAX PRESS OF TwO SOURGCES

~0 LIUMIX FROM WATER NUJ.3

-0 7 130 0 1 Ris O 1 132
MAX PRESS OF Twil SOURCES

~0 LIOMIX FROM WATER N2

-0 7 131 0 1 86 O 1 133
MAX PRESS OF Twl SOURECES

-0 LIQMEX FROM WATER NOL |

-0 7 132 0 1 AT 0 1 110
MAX PRESS OF Twl SOUHCES

~0 LIOMI X TO HEAT EXCHANGER

-0 7 111 0 i -133% D 1 13h
MAX PRESS JF Tw( SOURCES

~0 WATER SUPPLY

- 49 3] 1
=00 DUMMY COMPONENT PROVIDE aTR TMROUG HX NN RORI
1 60. FLUWRATE OF GLNT T RITE TeMe CNTRL L H/HR
2 TH. FTEMPE OF CLNTQ NEG~F
3 iaaNT PHRESS ksl
4 14,7 PRESS LR
=0 SPLIT FOR BYPASSING CODLANT IN TEMP CONTRNOL OJF RADLOISDTOPE
-0 10 135 ¢ 1 01 137

MAX PRESS OF Tw(. SOURCES
=0 HEAT EXCHANGER

- 4 134 0 1 136 0 1 139
-0200020000 CRUSSFLOLGAS-LIQO.UA [NPUT NGO STZING.

1 426, HTNG FLU LOW TEMP RITE=3,8 (PM LA /HR
I 603.0 LOW TEMPERATURE LDOOP FLOW RATE {L9/HR}

2 119.0 LOW TEMPERATURE LOOP TEMPERATURE(LEG F1

3 15,0 PRESS L
4 1540 PRESS PSS
66 50,0 EFFECTIVE UA
=0 FLOW JUNCTION PERMITS FLOW RITE TEMP CONTROL HX TO MIX
-0 7 136 0 i 137 o 1 100
=01 PRI PRESS DETERMINES MI[X PRESS,.

-G HEAT BLOCK ASSY, SIMULATED 8Y SUBROUTINE THERM

1 HEAT BLOCK SIMULATED BY SUBROUTINE THERML
-0 37 46 36 ’ 181
16 9 NUMBER OF NODES
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'KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
KARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY

180
180
180
180
180
180
180
180
180
180
180
180
180
180
1RO
180
180
180
180
1RO
180
180
180
180
180
180
180
180
180
1RO
180
180
180
180
180
180
180
1R0
180
180
180
180
180
180
180
180
180
1R0
180
180
180
180
150
180
180
180
180
180
180

17
19
20
21
22
23
24
25
26
21

28

29
30
31

33
34
35
36
37
IR
a9
40
41
42
43
b
%5
4h
47
4R
%9
50
51

53
54
653
69

71
72
73
T4

Té
117
78
79
80
"1
82
83
B4
as
Aé
atr
A8
a9

36

Q000001000
30000062000
00000030060
0000004000
0000005000
00000606000
a000a070040
000000RAGO0D
0000009000
1060001000
10000032000
1600003000
1000004000
1000005000
1000006000
10000070600
5000001002
50000010013
5000001004
5000001005
5000001006
5000001007
K0000020073
5000002007
5000003004
S000003007
5000003008
5000004005
5000004008
5000005006
5000005008
5000006007
SO0N0ONK0O0A
50000071008
5000008009
6000009114
10,

1260,
1200,
1200,
1200.
12G0.
1200.
1200,

Bl0.
29040
T

a0
3.0

3.0

3.0 .
‘.'0
4.1
b2

15764,

10100,

Se

NUMBER 0OF HEAT TRANSFER TERMS

NGDE 1 HEAT STORAGE TERM FOR RADINDISOTOPE+CORE
NODE 2 HEAT STORAGE TERM BLOCK TO HEAT PIPE
NODE 3 HEAYT STHRAGE TERM BLOCK TO AIR STERIL1ZER
NODE 4 HEAT STORAGE TERM BLOCK TO PYROLYSIS 1t
NODE 5 HEAT STORAGE TERM BLOCK T PYROLYSIS 3
NODE & HEAT STORAGE TERM PYROLYSIS UNIT NO. 2
NOOE 7 HEAT STORAGE TERM BLOCK Tu INCINERATOR
NODE 8B HEAT STORAGE TERM INNER waLL

NODE 9 HEAT STORAGE TERM INNER WALL

HEAT GENERATIUN TERM I1sororl

HEAT GENERATION TERM HEAT PIPE

HEAT GENERATIIN TERM AIR STERILIZER

HEAT GENERATION TERM PU 1

HEAT GENERATION TERM PL 2

HEAT GENERATION TERM Py 3

HEAT CGENERATION TERM ENC INERATOR
CONDUCTION NODE 1 TG NODE 7

CONODUCTIDN NODE I T NODE 3

CONDUCTION NODE 1 TO NODE 4

CONDUCTION NODE 1 TI} NODE 5

CONDUCTION NOOE 1 TO NODE 6

CONDUCTION  NOBE 1 TO NODE 7

CONDUCTION NUDE 2 TO NODE 3

CONDUCTION NODE 2 TO NIDE 7

CONDUCTINN  NODE 3 T3 NODFE &

CINDUCTION NODE 3 TO NODE T

CONDUCTION NODE 3 T NODE &

CONQUCTION NODE 4 TO NUDF 5

CONDUCTION NODF & TO NODF 8

CONDUCTIDN NNODE & TD NNDE 6

CONDUCTEQN NODE 5 TO NODE 8

CONGUCTIUON NUODE 6 T(1 NODE 7

CONDUCTION NOOE & TO NODE  H

CONDUCTION NADE 7 70 NODF B

CONDUCTION NODE 8 TO NODE 2 TERM  IN WALL Ti) [) WAL
CONDUCTION NODE 9 TO  AMRIENT TEMPERATIRE
S50LUTION CONVERGENCFE TOLERANCE DEG-F
TEMP NOOE 1 HEAT BLOCK RADIDISOTIIPE DEG~F
TEMP NODE 2 HEAT RLOCK TO HE RIPF he G-
TEMP NODE 3 HEAT BLOCK AIR STERILIZER DEG-F
TEME NODE 5 HEAT BLOCK PYROLYSTS UNITIDEG~F
TEMP NODE 5 HEAT BLIICK PYRMGLYSTS UNITZNEG-F
TEMP NODE & HEAT BLOCK PYRULYSIS UNIT3DEG~F
TEMP NODE 7 HEAT BLOGCK INC INERATUR NEG-F
TEMP NODE 8 HEAT BLOCK INNEFR SHELL ~F
OUTER WALL TEMPERATURE (DEG F 1}

HEAT STORAGE TERM NONE 1 RADIOQISUTORE REG HTU/F
HEAT STORAGE TERM NUODE 2 HP REGIUN RTit/F
HEAT STYORAGE TERM NMADE 3 AS REGIDN B/ F
HEAT STORAGE TERM MODE & PU} REGINN ATU/F
HEAT STORAGE TERM NODE 5 PU2 RFGION BTHH/F
HEAT STORAGE TERM NODE & PU3 RFGIUN ATUHAF
HEAT STORAGE TERM NODE 7 INCIN REGION BYU/F
HEATY STORAGE TERM NODE 8 INNER waAlLL BT/
HEAT STORAGE TERM NODE 9 OUTSIDE WALL BIU/F
HEAT GENERATED RY RADINISNTOPF BTU/HR
HEAT LOST TO HP BTU/HR
HEAT LOST T AS - BT /HR
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VARY 180 90 68. HEAT LDST Y0 PUl BTU/HR

VARY 180 91 68. HEAT LOST TO PU2 . BIU/HR
VARY 180 92 68, HEAT LOST TO PU3 8 TU/HR
VARY 180 93 50. HEAT LOST T INCIN BTu/HR
VARY 180 94 1,667 CONDUCTION, AL, TERM NOD 1/N03D 2T0  HEAT ®LIPE
VARY 180 95 4.5 CONDUCTIONsA/Ly TERM NOD 1/NOD 3700 AIR STERLIZEEK
VARY 1B0 96 5.0 CONDUCTION,&/L, TERM NOD 1/NOD 4T0 PU ]
VARY RO 97 5,0 CONDUCTION,A/L,, TERM NOD 1/NDD 51D PO 2
VARY 180 98 5,0 CONDUCTION,A/L,y TERM NOD 1/NOD 6T0 PU 3
VARY 180 99 5,0 CONDUCTIONsA /Ly TERM NOD 1/N0D 7T INCINERATOHR
VARY 180 100 .27 CONDUCTION,AZLy TERM NODZ2/NOD3  HP/AS (FTY
VARY 160 101 ,25 CONDUCTIONA/L s TERM NODZ/NNDDT HPZINCIN {FT)
VARY 1R0 102 .25 CONDUCTION,A/L, TERM NOD3/NOD& AS/PUL . (FT}
VARY 180 1063 ,2% CONDUCTIONA/Ly TERM NOD3/NDODT AS/INCIN  (FT)
VARY 180 104 0.64 CONDUCTIGONA/L,y TERM NOD 3/NOD ATD  AS TO 1 wWALL
VARY 180 105 .25 CONDUCTIONYA/Ls TERM NOU4/NODS  PUL/PUZ  LETY
VARY 180 10& 0.59 CONDUCTION,A/L, TERM NOD &4/N0OD &TO PUL TO T wWaLL
VARY 180 107 +25 CONDUCTIONA/Ly TERM NDDS/NODA  PLIZ/PU3 (FT)
VARY 180 108 0,59 CONDUCTION,A/L, TERM NOD 5/NOD BYD PU2 TN 1 wWaLl
"VARY 1B0 109 .25 CONDUCTIONA/Ly TERM NODG/NODT  PUS/INCIN (F1)
VARY 180 110 0.59 CONDUCTION,A/Ly TERM NDN 6/NOD 8TO PU3 TO I WALL
VARY 180 111 0.64 CONDUCTIONGA/ZL, TERM MOD 7/NOD BT INCIN 10 T WALL
VARY 180 117 2.3 CONDUCTION4AZL, TERM NOO B/NOD 9T 1 WALL T0O O WAL
VARY 180 113 5.7 CONDUCTIUNAZLs TERM NOD S$/NODTSTH 0 WALL 100 TS
VARY 180 114 80.0 EFFECTIVE TEMP (OF THE SURROUNDINGS, DEG-F
fo%e A1 -0 HWEAT PIPE NEAR-ISOTHERMA MEAT REJECTION DEVICE
KBAS 181 =0 &7 12%
KARY 181 16 1 TABLE DEFINES SODIUM BOILING TEMP vS PRESSURE
VARY 181 65 1280, HEAT PIPE CONTROL TEMPERATURE F
VARY 181 66 12RO, TEMP UF SOURCE FRNAM WHICH REAT IS REJECTED F
VARY 181 67 38,114 CONDUCTANMCE KA/LL SOURCE TN HEAT PIPEF A/HH ~F
VARY 181 68 0,0616 HEAT PIPE DIAMETER F 1
VARY 1Bl 69 ,541647 LENGTH UF GONDENSING REGINN 11F WEAT PIPE 7
VARY 181 70 4atE=-6 MASS OF INERYT GAS IN THE HEAT PIPE LRBS
VARY 1B1 71 38,69 GAS CONSTANT DF INERT GAS USED FT/ R
VARY 181 72 80. HEAT PIPE TEMP AT COLD END OF HEAT PIPE ¢
VARY 181 T3 2e225E=4 VOLUME (IF INERT GAS RESERVYOIR HEAT viIPE
VARY 181 76 8,5 HEAT TRANSFER CUFFFICIENT SHRFACE/HGP,  V/HR=FTSO-F
VARY 181 7T 75, AMBIENT TEMP F
VARY 181 79 l.638 NGT USED
VARY 181 80 8.5
- VARY 181 8@ 15.AR ' THERMAL CONDUCTIVTY OF HEAT FPIRPE MATERIAL R/HR=F1-F
VARY 18) 82 .002916 HEAT PIPE THILKNESS : FT,
ID*x= 201 -0 DUMMY COMPONENT PROVIDING THE FFCES INPUT INTD 5YS
KBAS 201 =0 49 4 141516 11819 215
NSTR 201 =00 NONE RORD
1D%% 202 -0 FECES BLENDER SIMULATED BY DUMMY COMPONENT
KBAS 202 -0 49 215 4 141516 11819 205
NSTR 202 =00 NONE RQRD
T1D%% 203 =0 OUMMY COMPOUNENT PROVIDING THE AIR FLOW TO DEFECATION UNIT
KBAS 203 =0 49 2 204
NSTR 203 =00 NONE RORD
[0%% 204 «0 AIR HEATER SIMULATED BY SUBROUTINE ANYHX,
KBAS 204 =0 4 203 2 =122 0 1 201
NS TR 204 2 1 AIR HEATER STEADY CALCULATION
VARY 204 &6 12.0 OVERALL UA BTU/HR-F
1D3% 205 =0 A JUNCTION PROVIDENG MEANS OF INTRODUCING URINE TO EVAPNRATOR
KBAS 205 -0 7 . 202 & 141516 11819 23 4 141516 11819 208
NSTR 205 =01 USE PRIMARY FLO PRESS AS MIXED FLO PRESS
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1D%* 206 =0 JUNCTION PROVIDE MEANS OF DUMPING WASTE FROM SHREDDER TO EVAP

KBAS 206 -0 7 205 &4 141516 11819 =207 4 141516 11819 218

NSTR 206 -DI USE PRIMARY FLO PRESS AS MIXED FLD PRESS
10%% 207 «0 TRASH SHREDDER SIMULATED BY VERSATILE SUBROUTINE ALTCOM

KBas 20t -0 7 Z08 4 141516 11819 -49 4 141516 11819 206

NSTR 20T -00 NONE RGORD

[D%% 208 ~0 DUMMY COMPUNENT DEFINIMG THE TRASH INPUT

KBAS 208 -0 49 4 141516 11819 207

NSTR 208 =00 NONE RQRD

KBAS 209 -0 7 206 & 141516 11819 =218 4 141516 11819 210

NSTR 209 -~01 DUTFLO-DEFINED BY GPILY SS+TRANS HT BAL

D% 210 -0 EVAPUORATOR STMULATED BY LIQ-~GAS HX WITH EVAPORATION DF WATH

KBAS 210 59 209 & 1516 11819 -204 3 14 5 67 8 9 221

NSTR 2i0 . Il USE 35 SOLUTITON DURING TRANSTENT

KARY 210 17 239 COMPONEN PROVIDING HTNG FLUID TO EVAPORATOR

KARY 210 18 Z TABLE RELATING NUCLEATE BROILING Q/A VS DELTMP

VARY 210 51 110.

VARY 210 52 EFFECTIVE THERMAL CONDULTANCE WALL/SURR. HTU/HR-F
VARY 210 53 0, TOTAL HEAT LOSS TOD SURRGUNDINGS B TU/HR
VARY 210 54 75, AMB IENT GAS TEMPERATURE DEG-F
VARY 210 55 1. CORDUCTANCEs INSULATION SURFACE/AMB, GAS BTU/HR-F
VARY 210 56 CONVECTIVE HEAT LOSS TO AMBIENMT GAS B TU/HR
VARY 210G 57 75. AMBTENT WALL TEMP DEG-F
VARY 210 58 .2 RADIATION FA FACTODR SURFACE TO AMB WALL FT150
VARY 210 59 ' RADIATIVE HEAT LNOSS TO AMRIENT WALL BT /HR
VARY 210 60 85, STRUCTURE TEMPERATURE DEG-F
VARY 210 &1 2.5 CONDICTANCE KA/ X EVAP WALL T} STRULTURE B 1J/HR ~F
VARY 210 &2 CONDUCTANCE HEAT LO55 TO STRULTURE BTU/HR
VARY 210 63 INSULATION SURFACE TEMPERATURE DEG-F
VARY 210 64 .1 CONDUCTANCE KA/X EVAP WALL TO INSUL SURF. BTUH/HR-F
VARY 210 &5 92,5 EFFECTIVE COUNDUCTANCE UA WALL/HTING FLUID RB/HR-DEL-F
VARY 210 66 0. ELECTRICAL HEAT INPUT TU THE EVAF WALL BTU/HR
VARY 210 67 1.418 HEIGHT OF THE EVAPORATOR 1

VARY 210 &8 1.73 DIAMFETER DF THE EVARORATOR FT

VARY 210 69 O. EFFECTIVE HEIGHT OF THE LIQUIND SLURRY TN FVAP (FT1)
VARY 210 70 .1% MINIMUM LTOUIO LEVEL ALLOWABLE NORM OPRTIN FT

VARY 210 71 .342 MAXIMUM LQD. LEVEL ALLOWABLE NUORMAL OPFRATION  {F1)
VARY 210 T2 0. HEAT LOST BY VAPORIZING LOD TO AIR FLUWNG HTU/HR
VARY 210 73 O« EFFECTIVE GAS SPACE IN THE EVAPORATOR FrEx3
VARY 210 T4 0. HEAT FLUX FROM EVARDRATOR WALL TO LIQUIRN BTU/HR
VARY 210 75 Q. HEAT FLUXs O/As TERM BETWEEN WALL/LIGUID B/HR-F12
VARY 210 76 .72 GAS SPACE IN EVAP NDT SUBJECT TO LOUD FILL FT%%3
VARY 210 37 O. VAPORIZATION RATE (OF WATER LB/MR
VARY 210 78 0471489 BACTERLIAL DECOMPOSITION FACTOR FUR UREA 1/HK
VARY 210 79 0. NDECOMPOSITION RATE (IF UREA IN THE Evap LR/HR
VARY 210 80 0. LIEQUID LOST IN DECOMPOSITION REACTION LW /HR
VARY 210 &1 1.17 RATIO OF LIQUID TO SOLID IN SOLIDS RESERVUIR

VARY 210 B2 2,28 FELTRATION FACTOR OF LOD/SOLID FILTER LB/HR
VARY 210 83 0. FILTRATION RATE OF LIQUID SOLID COMPGNENT LB/HR
VARY 210 84 .1 FRACTION VAPUORIZED VS, MAX THAT CAN T SAT AIR (0FED)
VARY 210 85 .51 SOLID RESERVOIR CAPACTTY LBy

VARY 210 86 0. LIGUID LOSS DUE TH FILTRATION RATE LB/HR
VARY 210 87 0. SOLIB SP. FLO NO. 2 REMDVAL RATE L B/HR
VARY 210 AR O, SOLTD SPe FLO NOs 3 REMOVAL RATE LB /HR
YARY 210 B9 0. SOLIN SPe FLO NO. 4 REMOVAL RATE LB/HR
VARY 210 <90 0. SOLID SPe FLO NO. 5 REMOVAL  RATE LB/HR
VARY 210 91 O. SOLID S5P. FLO ND. & REMDVAL RATE L B/HR
VARY 210 92 NH3 GENERATION RATE IN UREA DECOMPOSITION LR/HR
VARY 210 93 COZ2 GENERATION RATE IN URFA OECHOMPOSTITIUN LB/HK
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VARY 210
VARY 210
VARY 210
VARY 210
YARY 210
VARY 210
VARY 210
VARY 210
VARY 210
VARY 210
VARY 210
VARY 210
YARY 210
VARY 210
VARY 210
VARY 210
VARY 210
VARY 210
VARY 210
VARY 210
VARY 210
VARY 210
VARY 210
VARY 210
VARY 210
VARY 210
YARY 210
VARY 210
VARY 210
VARY 210
VARY 210
VARY 210
VARY 210
VARY 210
VARY 210
VARY 210
VARY 210
VARY 210
VARY 210
VARY 210
VARY 210
- VARY 210
VARY 210
VARY 210
VARY 210
VARY 210
VARY 210
VARY 210
YARY 210
VARY 210
VARY 210
VARY 210
VARY 210
VARY 210
VYARY 210
VARY 210
VARY 210
VARY 210
VARY 210

94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
i1l
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
138
137
13A
139
140
14}
142
143
144
145
146
147
148
149
1 50
151
152

t.
200,

e 1064
<0001 44
1.4
26415439
105,

ol

-4

O
173217
«9R11 741
25.0

O

O

0«

102,

0.
0.
G.
0.
O

SS CONVERGENCE CRITERIA FOR TEMP PREDICT  PER-CENT
PIIWER REQUIRED TO DRIVE THE EVAR IMPELLER WATTS '

HTNG FLUID INLET TEMPERATURE (DEG=F)

HTNG FLULID ODUTLET TEMPERATURE (DEG=F)

PRESSURE ODEOP COEFFICIENT FOR FLOW EVAP/CNONSH,
EFFECTIVE ORIFICE AREA BETWEEN EVAP/DDWNSKRM  (FT50)
NOWNS TREAM PRESS (CONDENSER) (PST)
TATAL WEIGHT OF LIQUID SLURRY [N EVAPORATOR LRS

TEMPERATURE OF LIQUIND/SOLID SLURRY F-=DFG
PRESS. PS1
PRESS » P51
NOT USED

NOT USED

NDT USED

NOT LUSED

NOT USED

NOT USED

NOT USED

NOT USED

NOT LSED

AMOUNT (OF URFA IN THE EVAPDRATOR LRS
AMOUNT OF DTHER S0LIDS IN THRE EVAPORATODR 1RS
AMOUNT UF LOQD TN EFAK LHS
SPECEAL FLOW NO 5 LB
SPECIAL FLUW NI & LB
TOTAL WEIGHT (JF GAS TN EVAP SYS. LB
TEMP, OF GAS IN EVAP S¥S. F=DFEG
PRESSURE GAS 1IN EVAM SYS P51
PRESS. gsT
WEIGHT OF NON-CONDENSABLES IN FvaPp [}
WEIGHT (OF VAPOR IN EVAP, LB
WEIGHT OF ENTRAINED LIQUID (ALHAYS ZEROY LB
SPECIFIC HEAT OF NON CONDENSABLE (AS AIU/LB=F
MOLECULAR WEIGHT OF NON-CONOENSABLE G(AS LBAR-MOLE
WETGHT OF 12 IN EVAP LA,
WEIGHT OF N2 IN EVAP LK.
WEIGHT OF €02 IN EVAP iR,
WEIGHT DOF NM2Z IN EVAP {TRACE CONTAMINANT) LR,
WEIGHT (IF SPECIAL FLOW NO 1 IN FVAP LB
WEIGHT OF SPECIAL FLOW ND 2 IN EvVAP Lbe
WEIGHT (IF SPECIAL FLOW NO 3 IN EVAK LA,
WEIGHT OF SPECIAL FLOW ND & IN EVAP LA.
WEIGHT OF SPECTAL FLOW ND & IN EVAP LB,
WELFHT OF SPECTAL FLOW N 6 IN EVAP LB
TOTAL WEIGHT OF LIQUID/SOLID IN SOLID RFS L B.
TEMPERATURE OF LIQUID/SOLID IN SOLID RES DEG-F

PRESSURE DF LIQUIDASOLIN IN SOLID RES PSH
PRESSURE OF LIQU]D!SDL[D IN SﬁLID RES PSI
NOT USED RCLUS)
NOT USED RLi&H)
NOT USED RCY(T)
NOT USED RLC(8)

NOT USED RC(9}
NOT USED RC(LO)
NOT USED RCI11)
NOT USED RCIU(12}
NOT USED RC(13)

SOLID/LIQUID COMPONENT NO 1 IN SOLID RES RS
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VARY 210 153 0. SOLID/LIQUID COMPONENT NO 2 IN SOLID RES LBS

VARY 210 154 0, SOLID/LIQUID COMPONENT NO 3 IN SOLID RES LBS

VARY 210 155 o, SOLID/LIQUID COMPONENT NO 4 N SOLID RES LBES

VARY 210 15%6 0, SOLID/LIQUID COMPONENT NO 5 IN SOLID RES LBS

VARY 210 157 0O, SOLID/LIQUID COMPONENT NO 6 IN SOLID RES LBS

VARY 210 158 26.4 THERML CAPACITANCE OF FVAPPORATOR LESS LOD BTU/ALB-F
VARY 210 159 26.146 THERMAL CAPACTITANGCE OF LIQUID EN EVAP BTU/LR=-F

10%% 213 1 INCINERATDR 70O ACCOMPLISH THERMAL DECOMPOSITION AND VAPODRIZ TN
1D»% 213 2 OF 95 VER CENT OF SOLIDS TO MINIMIZE NZ RERRMNTS E(OR COMAUS TN

KBAS 213 -0 58 210 4 11516 214
NSTR 213 -0 NONE RORD

VARY 213 54 2n0,0 AMBIENT GAS TEMPERATURF DEG F

VARY 213 55 ,l4 THERMAL LONDUCTANCE TU GAS (RTU/MR- DEG F)

VARY 213 69 5650.0 HEAT 0OF REACTION BTU/LB DXYGEN

VARY 213 71 1080.00 TOTAL CYCLE YIME, SECONDS

VARY 213 72 300.00 TIME TO CONSTANT RATE PERIOL,SECUNDS

VARY 213 73 400,00 TIME TO END if DRYING PERIODySECONDS

VARY 213 74 1B0.0 DXYDATION TIME PERIODSECONDS

VARY 213 75 60.0 GAS VENTING TIME PERIDD,SECHONDS

VARY 213 77 2.00 NUMBER (OF (IXYDATION-VENT CYCLES, N D.

VARY 213 79 0.31 INITIAL MASS OF SDLIDS IN INCINFRATOR (LB}

VARY 213  BA D444

VARY 213 A8 15,0 ENVIRONMENTAL PRESSURE ZPSI

VARY 213 A9 1250.0 HEAT BLOCK TEMPERATURE.DEG F

VARY 213 90 0.0000167 B

VARY 213 91 2.2273 EVAP(ORATOR SURFACE AREA,FTZ2

VARY 213 92 1000.0 HEAT 1F VAPORIZATI{INGRTU/LA

VARY 213 93 2,68 THERMAL CONDUCTANCE FRIOM HEAT SOURCE T SHUTTLE
VARY 213 94 0.4 EFFECTIVE THERMAL CAPACITANCE (F SHUTTLE BTU/LB-F
ID®% 214 —0 ASH COLLFCTOR S{MULATED BY FLOMET TO METER THE INCIN ENG PROD
KBAS 214 29 17 213 3 142526171819 61
NSTR 214 =01 METER ALL CONSTITUENTS InN INCINERATUR

[0#w% 215 ~0 JUNCTION PROVIDES MEANS OF ADDING FLUSH WATER TO DEFCTN UNTT
KBAS 215 -0 7 201 & 141516 11819 -50 4 141516 11819 202
NSTR 21% =01 USE PRIMARY PRESS AS MIXED FLO PRESS

I1D%% 218 -0 WASH WATER TNK

KBAS 218 -0 30 219 &4 141516 11819 209
NSTR 218 =(11000 TANKG MO TRANS HT BAL INTTIAL VOLUME

VARY 218 51 100, TANK TEMP IEG=F
VARY 21B 54 75, AMBIENT (Gas TEmp F

VARY 218 55 2.5 CONDUCTANCE INSUL SURFACE/AMBIENT GAS B/HR ~F
VARY 218 57 75, AMBIENT WALL TEMP F

VARY 218 58 THERMAL RADIATION FA FACTOR F w2
VARY 218 60 75. STRUCTURE TEMP F

NSTR 218 12010 DUTFLO=GROL Y yNO INTERNAL HX

YARY 218 61 1.5 EFFECTIVE CONDUCT BTWN TNK WALL /SURROUNDNG B /HR -F
VARY 218 64 0, CONDUCTANCE TNK WALL/INSULATION SURFACE BTU/HR~F
VARY 218 &8 41.75 CAPACITY OF WASH WATEKR TANK LBS
VARY 218 69 38, WEIGHT FLUID 1IN TNK LA
VARY 218 70 150. TEMP DOF FLUID F

VARY 218 71 609 FLUID VOLUME 1IN TNK FTex3
VARY 218 72 15. PRESS rsl
VARY 218 75 38, WEIGHT OF CONDENSABLE LIQUID LB
VARY 218 A8 1.0 SPECIFIC HEAT OF FLUIB IN TNK RFU/LR=-F
VARY 218 92 .88 THERMAL CAPACITANCE OF TNK SHELL BTU/F
VARY 218 93 10G. © CONDUCTANCE LOD TO TNK WALL

VARY 218 8% 38.0 WELGHT OF WATFR IN THE wWASH TANK (LBS)

VARY 218 94 5.0 MAX ALLUWABLE TEMP CHANGE F

VARY 218 95 EXTERNAL HT LOAD 7O FLUID B T/HR
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VARY
[D%*
KBAS
NSTR
VARY
VARY
[ D%
KBAS
NS TR
VARY
YARY
VARY
VARY
VARY
VARY
VARY
VAHRY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
FD%
KBAS
NS TR
IOLL
KBAS
NSTR
VARY
[ D%
KBAS
NSTR
KARY
VARY
VARY
VARY
VARY
VARY
VARY

- VARY

VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY

218
219
219
219
219
219
220
220
220
220
220
220
220

220
220

220
220
220
220

220
220

220
220

220
221

221
221

223
223
223
223
224
224
224
224
224
224
224
224
224
224
224
224%
224
224
224
224
224
224
224
224
224
224
224
224
224
224
224
224

96

EXTERNAL HT LDAD TO SHELL

BTU/HR

-0 DUMMY COMPONENT PROVIDES WASH WATER FLOW TO WASH WATER TNK

= 49
=0

2 B0.O
17 1.

4 141516 11819

NGON RORID)
WASH WATER TEMPERATURE
WASH WATER INPUT

(DEG F)

-0 DUMMY CODMPONENT PROVIDING 02 FLOW FUOR COMBUSTION IN PYROLYSIS

-0 30

T-01211

2 1o,

3 900.

4 900,
69 5.,06462
70 70
7L 1.
72 900.
T3 5,064627
76 22

TT 32.
T8 5.06467
a8 .22
89 5.08462
90 .08
91 3z,

2
buMMY COMPONENT NO NSTRS REORD,
02 TEMP
2 PRESS
02 PRESS
TOTAL FLUID WEIGHT IN TANK LBS
02 TEMP TN TANK DEG-F
FLUID VOLUME IN TARK
02 PRESSURE IN TANK PSI

WETGHT UF NON-CONDENSABLES IN TANK L BS
NON-CUNDENSABLE CP IN TANK

NON-COMDEMSABLE MOLECULAR WEIGHT IN TANK

WETGHT OF 02 IN TanK

SPECIFIC HEAT DF FLUID IN TANK
DENSITY OF FLUID IN TANK LB/FT%%¥3
VISCOSITY OF FLUID IN T<ANK
MOLECIUILAR WEIGHT UF FLUID IN TANK

-0 TEE PROUVIDES MEANS FOR INJECTING 012 INTO THE STREAM

6
=02

220 2 14

210 3 14 5 6 1T R 9
TEE WITH SECONDARY PRESSURE USED AS

BTU/LR-F

LARS/LB-

LB/LRB=MILE

232
MIXED FRE

REGENARATIVE HX COMPOMENT OF THE PYROLYSIS UNIT. COMPUTES INLET F

-0 4

-J200010000

66 21,6729

PYRDOLYSIS

13 &

1 2.6067
2 1200,
3 1.09
4 1.09
5 008
6 2.475
A .24

9 28,
11 008

54 75.
5% 0.

57 15,
58 D

59 0.

60 1250.
&1 100.0
64 0,

65 .9

66 10,
6T 0.

H8 1.5
70 Oe

Tl le

232 .3

14 5 6 78 9 ~224 3 14 % 6 7T B 4

224

COUNTERFLOWND SIZINGs INFUT UAyGAS~GAS HY

OVERALL UA

UNIT SIMULATED BY CATRRN
223 3

14 5 A 7 8 9

NONE REQRD
(ONE TRACE CONTAMINANT REACTING
TOTAL FLOW
TEMPERATURE OF EXITING GAS STREAM
PRESS
PRESS
TUTAL NON-CONDENSABLE FLOIW
CONDENSABLE VAPOR FLD
NON=CUONDENSABLE SPECIFIC HFAT
NON~CONDENSABLE MOLECULAR WEIGHT
TOTAL N2 FLOW THROUGH PYROLYSIES UNIT
EFFECTIVE SUMMED CONDUCTANCE
AMBIENT GAS GEMP,
AMBTENT GAS/INSULATION UA
AMBIENT WALL TEMP
RADIATIUON FACTOR
HTas LUSS BY RADIATION
STRUCTURE TEwMmp,
PYRO TD STRUCTURE CONDUCTANCE KA/X
INSULATION SURFACE/PYRD HT. TRNSFR COND.
REMOVAL EFFICIENCY FOR 1ST CONSTITUENT
HEAT OF COMBUSTION FOR 15T CONSTITUENT
RATIO OF €CU2 PRODUCED
RATIO OF H20 PRODUCED TO THE 15T CONSTIT.
HTR, POWER RQRD.
UNIT EUMPED THERMAL CAPACITANCE
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BT /HR-F

226

DEG-F
PSIA
PSLA

L B/HR
L8 /HR
B/LB~F
LB /MO
LA/MR
R /HR -F
[3

1 /HR =F
F
F%%2
B/HR

F

B/HR =F
B/HR-F

BB
BL /LR
B /LB
WATTS
B/F



VARY
VARY
VARY
VARY
VARY
1D%%
NSTR
KBAS
VARY
TD%%
KBAS
NS TR
L
KBAS
NSTR
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
YARY
VARY
YARY
VARY
VARY
1D%%
0%
TD%x#%
T0%%
KBAS
NS TR
KARY
KARY
VARY
VARY
VARY
- VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
YARY
YARY
VARY
VARY
VARY
VARY

224
224
224
224
224
226
226
226
226
232
232
232
233
233
233
233
233
233
233
233
233
233
233
233
233
233
233
233
233
233
237
237
237
237
237
237
237
237
237
237
237
237
237
237
237
237
237
237
237
237
237
237
237
237
237
237
237
237
237

72
73
T4
75
76

-02

66
-0

-Q0
-0

-1
54
55
57
58
60
61
64
66
67
68
69
71
72
13
T4

Pow b

1200, COMPONENT INITIAL TEMP. F
+99996 REMOVAL EFFICIENCY OF HYDROGEN

40000, HEAT OF COMBUSTIOUN OF PYROLYSIS REACTION BTu/LB
0. RATIO OF COZ PRODUCED LB/.B
e RATIO OF H20 PRODUCED LB/LB

REGENARATIVE HX COMP DF THE PYROLYSIS UNIT COMPUTES GUTLET FLOW

00010000 COUNTERFLOWND SIZING, INPUT UA,GAS=GAS HX

4 224 3 14 56 TR 9 =232 3 1456789 233
21,6729 OVERALL UA BT /HR —F
VALVE TO DIRECT AIR FLUW TO STERILIZER DURING DEFECATION MOVE,

10 221 3 164 56789 3 1456789 223

UNIVERSAL SPLIT RATIO
SIMULATION DF HT LOSS THROUGH PIPING SIMULATED RY PIPE
16 226 3 14 56 78 9 237
USE STO=-FWO DIFF SOLUTION

754 AMBIENT GAS TEMPERATURE F

O,

75, AMBLENT WALL TEMP F

0

95, STRUCTURE TEMP F

2.85 CONDUCTANCE KA/X OUTR  SURFAC/STRUCTURE  B/HR-F
Sub CONDUCTANCE (UA) OF INSULATINN RIHR~F

5. LENGTH OF DUCT FT

s INSIDF DIAM OF DUCT 1

245, LOCATION OF BRACKET ALUNG LENGTH UF DUCT £

1.3 THERML CNDCTNCE GAS/DUCT WALL B/HR ~F

.l BUCT WALL THICKNESS 1N

488, DUCT DENSITY LB/F T#%3
W11 DUCT SPECIFIC HEAT
D MULTIPLYING FACTOR LUMPING THERML (APACITANCE
CONDENSER STMULATED BY GLH9Y9 COMPONENT SURROUTINE CNDNSR RECEIVES
GASEOUS FLOW AND CONDENSES OUT THE VAPUR AND VENTS THE NON-CONDENS-
ABLE GASSES THE LIQUID FLOW OUT 1S DETERMINED BY GPOLY IN TRANSIENT
IN STEADDY STATE LIGUID FLOW DUT IS SET EQUAL TO CONDENSATION RATE

460
1

s63
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VARY 237 82 T0. EFFECTIVE TEMP. 0F SURRDUND]NGS‘ F

VARY 237 83 1. CONVECTIVE MEAT TRNSFR COEFF GAS/WALL B/HR ~F -F
YARY 237 B84 CONDUCTANCEKA/Ly TERM WALL/FLUID B/HR -F
VARY 237 B5 480, HEAT TRANSFER COEFFICIENT CONDENSATIAN/WALL
VARY 237 86 Q. CLNT TeEMP AT NOODOE 4T7C1 E
VaKRY 237 87 0. CLNT TEMP AT NUDE 2 o TC2 F
VARY 237 88 0., CNDONSR WALL NODE 1 TEMP, TwWi [
VARY 231 89 CONDENSER WALL NODDE TEMP 2 TwWZ Wz
VARY 237 90 I
VARY 237 9] TOTAL WEIGMT OF GAS IN THE CONDENSER LBS
VARY 237 92 TEMP OF GAS IN THE CNDWSR F
VARY 237 93 PRESSURE P51
VARY 237 94 PRESSURE #S81
VARY 23T 495 NON-CONDENSABLE TOTAL LBS
VARY 237 96 VAPOR IN CNDNSR LAs
VARY 237 97 0. VALUE [S 2ERO SUPER SATURATION NUT ACCEPRTD
VARY 237 98 5P HEAT OF N-C GASSES IN CNDNSR B/LB=F
VARY 237 99 MDLCLR WEIGHT OF N=C GASSES IN CDNSR LB/ B=MOLE
VARY 237 100 WEIGHT OF 02 1IN THE CNDNSR 02 LR,
VARY 237 101 WETGHT OF N2 14 THE CNDNSH N7 LB
VARY 237 102 WEIGHT (OF C0Z IN THE CNDNSR co2 LB
VARY 237 103 WEIGHT OF NH3 IN THE CNDNSR NH3 LB
VARY 237 104 SPECIAL FLO NO 1 WEIGHT HZ2 LB,
VARY 237 105 SPECIAL FLU NO 2 WEIGHT
VARY 237 106 SPECIAL FLO NO 3 WEIGHT
VARY 237 107 SPECIAL FLD NO 4 WEIGHT
VARY 237 108 SPECIAL FLUO NO 5 WEIGHT
VARY 237 109 SPECIAL FLUO NUO &6 WEIGHY
1D%% 238 1 ALTERNATE CDMPONENT PROVIDING THE CODLNT FLDW TO THE CONDENSER
KBAS 238 -0 49 -3 0 1
VARY 238 1 26b. COOLANT FLO THROUGH CONDENSER LB/HR
VARY 238 2 3s, COOLNT TEMP. F
VARY 238 3 15. PRESS . PS
VARY 238 4 15, PHESS, PSI
1N%%® 739 1 THE DUMMY GOMPONENT PROVIDING THF HEATNG FLUID FLOW T THE EVAPURAT
1D%%x 239 2 1V RECFIVES FLOW FROM COMP, 109 A VALVE
KBAS 7239 -0 &9 109 © 1
VARY 239 1 3s60. HTNG FLUID FLOWRATE I_B/HR
VARY 739 2 150. HTNG FLULD TEMP F
VARY 239 3 18, HTNG FLUID PRESS PST
VARY 239 4 16, HING FLUID PRESS P51

- TARL 1 10 2 7 L 0OG LIN
TITL 1 20B0ILING TEMPERATURE FIOR SODTUM AS A FUNCTION OF PRESSURE
VALU 1 100 1 2all 2l.1 106,7 179.25 6300 2116.F
VALU 1 110 O 800 .0 10040, 1200, 1300,0 1400.0 160G.¢
VALY 1 120 1 5731.2
VALU 1 130 P 1800.0
TABL Z2 1 3 9 5 LIN LIN LIN
TITL 2 2 HEAT FLUX COEFFICIENT QA FUNCTION QOF DTMP AND PRESS FOR EVAP
VALU 2 21 31 541 1.07 24225 F.39 14,696
VALY 2 22 3D 1.5 15 4430 8.00 17. 35,0
VALU 2 23 3D 3.0 4.2 9.0 23.0 1.0 135,0
VALU 2 24 3D 4.0 71+20 14.0 38,0 120.0 220,
VALY Z2 25 30 6.0 20.0 40.0 93,0 310. . 600,
VAL 2 26 30 B.0 58.0 120, 240,0 800, 104,
YALU 2 27 3D 10, 165.0 321040 620. 2100.0 440040
VALU 2 2R 3D 12, 4B0 .0 9040,0 1066G,0 60000. BRCODD
VAL L 2 29 3D 20, T400. 12000. 30000. 60000, 88000.
valLu 2 30 3D 3R, 42000. 102600, 155800, 300000 3724004
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TABL 4 10 2 5 LIN LIN
TITL 4 20CONDUCTANCFE DOF NICKFL 600 ALLOY USED FDR HEAT BLUCK BTU/HR-F T-F
VALY 4 400 1 212. 572, 932, 1292, 1632,
VALU 4 410 D 8. 9,825 11 .65 14.475 15.3
TABL 5 10 2 5 LIN LN
TiTL 5 20HEAT TRANSFER COEFICTENT CONDENSATION (JF VAPOR ON CONDENSER WALl
VALY 5 500 1 0,000 3,00 5.0 10.0 15.0 100,
vaLu 5 510 ) 0.00 15.0 50 400, 1000 16040,
TABL & 10 2 3. © LN STP
TITL 6 20 FLUSH WATER FLUOW FUR URIMAL (ONE CYCLE/HOUR) CYCLE=3600.0
VALY « 8100 21 0.0 30,0 419,0
VAL 6110 2D 0.0 2040 0.0
TABL 701 2 3 LIN STP
TITL T 2 FLUSH WATER FLOW FOR BiLENDER{ONE CYCLE/6 HOURS) CYCLE=21600.0
varu 710 21 0.0 1000.0 10158,
valLu T 11 2D 0.0 7540 0.0
TABL 8§ 10 2 3 LIN 5TP
TITL B 20FLUSH WATER FLOW FNR SHREDDER (ONE CYCLE/H HRS) CYCLE=21600.0
VALY 8 10021 0.0 7200.0 725840
VALU 8 11020 0.0 104 0 0.0
TABL g 10 2 3 LIN STP
T1TL 9 20 AIR FLOW FMR URINAL{ONE CYCLE/HDURY CYCLE=3600,.0
VALU 9100 21 0.0 300.0 58,0
VALU 9110 20 0.0 560 0.0
TABL 10 10 2 3 LIN STP
TITL 10 20 URINE FLOW INBUT (DONE CYCLEZHOURY CYCLE=3A0D,0
VALY 10ROOD 21 0.0 300,0 3698.0
VAL 10110 20 0.0 35 40 Oel
TARL 11 1@ ? 4 LIN LIN
TITL 11 20COOLANT FLOW-=-WATER COOLER -=IF NEG. BYPASS T HEATER
VALU 11 10021 0.0 100..0 200.0 40040
VALU 11 11020 0.0 0.0 a0 0.0
TABL 12 10 2 4 LIn LIt
TITL 12 20L0W TEMP HEAT 10O HEAVER-~ IF NEGATIVE BYPASS TU COOLER
VALU 12 10021 0.0 100.0 200.0 400.0
VALU 12 11020 Q.0 0.0 0,0 0,0
TABL 13 10 2 3 LIN STR
TITL 13 20TRASH INPUT —--COMPUMENT 208  (LR/HR )
VALU 13 10021 0.0 T7200.0 725840
VALU 13 11020 0.0 18 .0 0.0
TABL 14 1 2 3 LIN STP
STITL 14 2 SOLIOS INPUT -=COMPONENT 201 {LR/HR)
VALY 14 10 21 040 1000.,0 105840
VALU 14 11 20 0.0 180 0.0
TARL 15 1 2 3 LIN STP
TITL 15 2 AIR FLiW FOR RLENDER =-~COMPONENT 203{LR/HR)
VALU 1% 10 21 0.0 1000.0 1300 .0
VALU 15 11 2D 0.0 132 .00 0.0
TABL 16 10 2 2 LIK LIN
TITL 1& 20WATER CODLER (COMPONENT 93) DEMAND RATE (LB/HR)
VALU 16 1102D 1.123 1.123
TABL 17 100 2 2 LIN LIN
TITL 17 270WATER HEATER DEMAND RATE (COMP{INENT 94) LB/HR
VALU 17 10021 0.0 200,0
VALU 17 1102D 1.123 1123
PLOTOO RITE SYSTEM
PLOT21 210 25 0.0 440 EVAPNIRATION RATE(LR/HR)
PLOT22 100.0 1300 TEMPERATURE (DEG-F}
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Appendix C

OUTPUT DATA

Appendix C describes the output formats chosen to define the output of
the RITE simulation. The first output format consists of the card images
of all cards being input for the current simulation case. These data
include the control cards (TAPE and ENDC), the case data cards (BASIC
and CASE card, namelist $CASEL data, end nemelist $PR@PL data), and
modifications to the component K and V array data. Since these cards

are listed in Appendix B they are not repeated here.

The second section of output is shown in Figure C-1 reflects the Input
Editor's interpretation of the data entered on the BASIC card. The
output includes the case title, case number, and the number of components
in the simulsation.

The third section of cutput shown in Figure C-2 contains the Fortran system
output format for all the variables defined under the namelist $CASEl.

If the variables were not input they contain a default value of zero. The
fourth and fifth sections shown in Figure C-3 contain a similar output
format of the variables contained in the fluid property namelist $PROP1.

The sixth page of output shows the beginning of the printout of the edited
data after the Input edotor has sorted and merged the input dats from tape
and cards and arranged them in groups of cards by numerical order for the
components and tables and by card type within the component or table groups.
The heading "BASIC CASE DATA" is printed at the beginning and it is followed
by the case title as input on the CASE card.
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The next section of output, Figure C~l, shows the initial solution path and

the component numbers not in the solution path but used for data storage.

The G189A program then automaticelly prints out an expanded and labelled
form of the K and V array data for all components in the solution path
and others which are not in the solution path but are given subroutine-
numbers to produce a printout. This printout, a partial output is shown
in Figure C-5, 1z given at the beginning of the run, at the end of steady
state calculations and at the end of transient calculations.

The RITE simulation is set up to print out the V-array data for each
component in the solution path at every system pass. Samples of tﬂis
output are shown in Figures C-6 to C-8. The definition of the V-array
variable iz given in the G-189 manual and in the documented input cards
described in Appendix B.

An option is available in the G189A program to produce SD-%060 graphical
output. The output plets are of the form of a specified V array location
(component number, reference location) versus mission times. Typical output

plots are shown in Section 5.

The G1B9A program contains many alternate output options which are available
to the programmer. These options are described in detail in the G189 Manual.
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Appendix D

GPOLY SUBROUTINES

The G189A program contains two subroutines GPOLYl and GPOLY2, to be used
' to add user coded Fortran logic which is peculiar to the RITE simulation.
The GPOLYl subroutine is called before component solution and the GPOLYZ2
subroutine is called after component solution. The subroutines are used to
modify data computed by the component subroutines, to insert new logic,

and to exercise control over the order and method of solution used for the

gystem simulation.

The logic contained in the RITE simulation GPOLY subroutines is described
in detail in Section 3. A complete listing of the RITE GPOLY1 and GPOLY2

subroutines follows.
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